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My  LORD, 


TH  I  S  Tranflation  of  M.  Macquer’s 
celebrated  Elements  of  Chymistry 
was  undertaken  with  the  foie  View  of  ren¬ 
dering  fome  fmall  Service  to  my  Country  ; 
as  I  hoped  it  might  contribute  both  to  re- 
commend  and  to  facilitate  the  Study  of  a 
Science,  which,  though  more  entertaining, 
mftruÊlive,  and  extenlively  ufeful  than  any 
other,  hath  of  late  been  too  much  neglected 
in  this  Ifland. 
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I  think  myfelf  very  happy  in  feeing  this 
Defign  approved  of,  and  its  Succefs  in  a 
manner  affined,  by  the  Honour  which 
Your  Lordship  hath  been  pleafed  to  do  me, 
in  condefcending  to  take  it  under  your  Pro¬ 
tection. 

I  am,  with  the  utmoft  Refpect, 

My  Lord, 

Your  Lordship’s 

moft  Obedient 

and  moft  Humble  Servant 


London 

March  25,  17 58* 
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PREFACE. 

AN  hundred  and  fifty  years  are  fcarce  elapfed 
fince  the  clouds  of  prejudice,  which  had 
long  overfpread  the  world,  began  to  clear  up, 
and  men  were  convinced,  by  cultivating  the  Scien¬ 
ces  and  attending  to  Nature,  that  no  fanciful  hy- 
pothefes  would  ever  lead  them  to  the  true  caufes 
of  thofe  various  phenomena  that  inceflantly  and 
every  where  meet  the  obferver’s  eye;  but  that 
the  narrow  limits  of  the  human  underftanding 
confine  the  courfe  of  oür  refearches  to  one  fingle 
path;  namely,  that  of  Experiment,  or  the  Life 
of  our  Senfes,  Yet,  in  this  fhort  period,  Natu¬ 
ral  Philofophy  hath  rifen  to  a  high  pitch  of  improve¬ 
ment,  and  may  with  truth  be  faid  to  have  made  much 
greater  advances  towards  perfedtion,  fince  the  ex¬ 
perimental  method  was  introduced,  than  in  the 
many  ages  before. 

This  is  true  with  regard  to  every  branch  of  Na¬ 
tural  Philofophy  ;  but  more  particularly  with 
regard  to  Chymiftry.  Though  this  Science  cannot 
be  faid  to  have  ever  exifted  without,  experiments,  yet 
it  laboured  under  the  fame  difadvantages  with 
the  reft  ;  becaufe  thofe  who  ftudied  it  made  all  their 
experiments  with  a  view  to  confirm  their  own  Hypo- 
thefes,  and  in  confequence  of  principles  which  had 
no  foundation  but  in  their  imaginations. 
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Hence  arofe  that  enormous  heap,  that  incom 
gruous  jumble  of  fads,  which  fome  time  ago 
conftituted  all  the  knowledge  of  Chymifts. 
Mod:  of  them,  and  efpecially  thofe  who  aftumed 
the  pompous  title  of  Alchy mills,  were  perfuaded 
that  all  the  Metals  were  no  other  than  Nature’s 
rude  unfiniftied  elfays  towards  making  Gold  ; 
which,  by  means  of  due  codion  in  the  bowels  of 
the  earth,  advanced  gradually  towards  maturity, 
till  at  lafl:  they  became  perfedly  like  that  beautiful 
and  precious  Metal. 

On  this  principle,  which,  if  not  demonftrably 
falfe,  is  at  lead  utterly  deftitute  of  proof,  and  un- 
fupported  by  a  fingle  obfervation,  they  attempted 
to  finifli  what  Nature  had  begun,  by  procuring  to 
the  imperfed  Metals  this  much  deiired  codion. 
To  attain  it  they  made  an  infinite  number  of 
experiments  and  trials  ;  which  all  confpired  to 
deted  the  falfity  of  their  fyftem,  and  to  fatisfy 
men  of  fenfe  that  the  methods  they  employed  were 
very  far  from  anfwering  the  purpofe. 

However,  as  fads  always  promote  the  know¬ 
ledge  of  Nature,  it  happened  that  thofe  experi¬ 
ments,  though  quite  ufelefs  with  regard  to  the  end 
for  which  they  were  originally  made,  proved  the 
occafion  of  fêveral  curious  difeoveries. 

Thefe  lucky  confequences  of  their  miftaken  la¬ 
bours  raifed  the  courage  of  the  Chymifts,  or  ra¬ 
ther  Alchymifts,  who  looked  upon  every  fuch 
inftance  of  fuccefs  as  a  new  ftep  towards  the  Grand 
Work,  and  greatly  increafed  the  fond  opinion  they 
entertained  of  themfelves,  and  of  their  Art,  which 
on  that  account  they  let  up  very  high  above  all 
other  Sciences.  Nay,  they  carried  this  notion  of 
fuperiority  fo  far,  as  to  hold  the  reft  of  mankind 
unworthy,  or  incapable,  of  rifing  to  fuch  fublime 
knowledge.  In  confequence  thereof  Chymiftry 
became  an  occult  and  myfterious  Science  ;  its  ex- 
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preiïions  were  all  tropes  and  figures,  its  phrafes 
metaphorical,  and  its  axioms  fo  many  enigmas  : 
in  fhort,  an  obfcure  unintelligible  jargon  is  the  jufteft 
character  of  the  Alchymiftic  Language. 

Thus,  by  endeavouring  to  conceal  their  fecrets, 
thofe  gentlemen  rendered  their  Art  ufelefs  to 
mankind,  and  brought  it  into  deferved  con¬ 
tempt.  But  at  length  the  genius  of  true  Philofo- 
phy  prevailed  in  Chymiftry,  as  well  as  in  the  other 
Sciences.  Some  great  men  arofe,  who  had  ge- 
nerofity  enough  to  think  their  knowledge  no  other- 
ways  valuable  than  as  it  proved  of  fervice  to  Society. 
They  did  their  utmofl  to  introduce  both  the  know¬ 
ledge  and  the  practice  of  many  important  fecrets,  till 
then  of  no  ufe  ;  they  drew  afide  the  veil  which 
hid  the  charms  of  Chymiftry  ;  and  that  Science- 
emerging  from  the  profound  obfcurity,  in  which 
it  had  for  many  ages  lain  concealed,  gained  the  ad¬ 
miration  of  the  world  as  foon  as  it  appeared  in 
open  day.  Several  focieties  of  ingenious  men 
were  formed  in  the  moft  learned  countries  of  Eu¬ 
rope,  who  vied  with  one  another  in  their  labours 
to  execute  the  noble  fcheme,  and  affifted  each  other 
by  mutually  communicating  their  difcoveries.  Chy¬ 
miftry  made  the  moft  rapid  progrefs,  enriching 
and  perfecting  the  Arts  derived  from,  or  depending 
on  it.  In  a  word,  it  put  on  a  new  face, 
and  became  truly  worthy  of  the  title  of  Science  ; 
founding  its  principles  and  its  proceffes  on  folid 
experiments,  and  on  juft  confequences  deduced 
from  them. 

Since  that  time  the  Art  is  rendered  fo  extenfive, 
by  the  numerous  difcoveries  which  C'hymifts 
have  already  made,  and  are  daily  making,  that 
large  volumes  are  required  to  contain  a  complete 
Treatife  on  that  fubjedt  In  fhort,  Chymiftry  may 
now,  in  fome  degree,  be  compared  to  Geometry  ; 
each  of  thefe  Sciences  takes  in  a  moft  ample  field 
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of  enquiry,  which  every  day  enlarges  very  confiden¬ 
tly;  from  each  are  derived  feveral  Arts,  not  only  ufefu! 
but  even  necelfary  to  Society  -,  each  hath  its  A  xioms 
and  its  undeniable  principles,  either  demonftrated 
from  internal  evidence,  or  founded  on  confiant 
experience  -,  fo  that  the  one,  as  well  as  the  other, 
may  be  reduced  to  certain  fundamental  truths,  on 
which  all  the  reft  are  built.  Thefe  fundamental 
truths  conneded  together,  and  laid  down  with  or¬ 
der  and  precifion,  form  what  we  call  the  Elements 
of  a  Science.  It  is  well  known  that  there  are  many 
fuch  works  relating  to  Geometry,  but  it  is  not  lb 
with  regard  to  Chymiftry  -,  there  being  very  few 
books  which  treat  of  this  Science  in  an  Elementary 

manner. 

Yet  it  muft  be  owned  that  performances  of  this 
kind  are  exceedingly  ufeful.  Many  who  have  a 
relifh  for  the  Sciences,  but  have  not  leifure  to  read 
elaborate  Works  which  treat  of  them  minutely, 
are  <dad  to  meet  with  a  book  from  which,  without 
facnficing  too  much  of  their  time,  or  negleding 
their  ordinary  bufinels,  they  may  obtain  a  tafte  or 
juft  notion  of  a  Science  that  is  not  their  principal 
ftudv.  Thofe  who  incline  to  go  further,  and  learn 
more,  may,  by  reading  an  elementary  trad,  be 
enabled  to  underhand  Authors  who_,  as  they  com¬ 
monly  write  only  for  proficients  in  the  Ait,  are 
obfcure  and  hardly  intelligible  to  mere  beginners. 
iNay,  I  prefume  to  fay  that  an  Elemenoaiy  i-ieatii^ 
of  Chymiftry  may  prove  a  very  ufeful  book,  even 
to  thofe  who  have  made  f'orne  progrefs  in  the  Sci¬ 
ence  •  for  as  it  contains  only  the  fundamental  pro- 
pofitions,  and  indeed  is  an  abftrad  of  the  whole 
Art,  it  may  help  them  to  recoiied  the  moft  im¬ 
portant  parts  of  what  they  have  mad  in  many  dif¬ 
ferent  works,  and  fix  in  their  memories  the  moft 
effential  truths,  which  might  elfe  be  either  con¬ 
founded  with  others,  or  entirely  forgot.  And  thefe 
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are  the  motives  which  determined  me  to  compofe 
the  Work  which  I  now  offer  to  the  Publick. 

»  The  general  plan  on  which  I  proceed  is  to  fup- 
pofe  my  Reader  an  abfolute  Novice  in  Chymiftry  ; 
to  lead  him  from  the  mod  fimple  truths,  and  fuch 
as  imply  the  loweft  degree  of  knowledge,  to  fuch 
as  are  more  complex,  and  require  a  greater  ac¬ 
quaintance  with  Nature.  This  order,  which  I 
have  laid  down  for  my  rule,  hath  obliged  me  to 
begin  with  examining  the  mod  fimple  fubdances 
that  we  know,  and  which  we  confider  as  the  ele¬ 
ments  whereof  others  are  compofed  ;  as,  by 
knowing  the  properties  of  thefe  elementary  parts, 
we  are  naturally  led  to  thofe  of  their  feveral  com¬ 
binations  ;  and  on  the  other  hand,  in  order  to  know 
the  properties  of  compound  bodies,  it  is  neceffary 
we  Ihould  be  drd  acquainted  with  the  properties 
of  their  principles.  The  fame  reafon  induced  me, 
when  enquiring  into  the  properties  of  one  fubdance, 
to  take  no  notice  of  thofe  which  relate  to  any  other 
fubdance  not  treated  of  before.  For  example  :  as 
I  treat  of  Acids  before  Metals,  I  fay  nothing  un¬ 
der  the  head  of  thofe  Acids  concerning  their  power 
of  diffolving  Metals  :  that  I  defer  till  I  come  to 
the  fubjedl  of  Metals  and  thus  I  avoid  fpeaking 
prematurely  of  a  fubdance  with  which  I  fuppofe 
my  Reader  wholly  unacquainted.  And  this  me¬ 
thod  I  was  fo  much  the  more  eafily  induced  to  fol¬ 
low  that  1  know  of  no  Chymical  book  written  on 
the  fame  Plan. 

After  difcourfing  of  Elements  in  general,  I  treat 
next  of  fuch  fubdances  as  are  immediately  com¬ 
pofed  of  them,  and  are,  next  to  them,  the  mod 
fimple  :  fuch  are  all  faline  fubdances.  This  head 
comprehends  mineral  Acids,  fixed  Alkalis,  and 
their  feveral  combinations  ;  the  volatile  -fulphureous 
fpirit,  fulphur,  phofphorus,  and  the  Neutral  faits 
w  hich  have  an  earth  or  fixed  Alkali  for  their  bafis  : 
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thole  which  have  for  their  bafis  either  a  volatile 
Alkali,  or  fome  metallic  fubdance,  are  referred, 
according  to  my  general  Plan,  to  the  heads  under 
which  I  treat  of  thofe  fubdances. 

Metallic  fubflances  are  fcarce  more  compounded 
than  the  faline  *,  which  induces  me  to  confider  them 
next,  I  begin  with  thofe  which  are  the  mod  fim- 
ple,  or  at  lead  feem  to  be  fo,  becaufe  their  prin¬ 
ciples,  being  very  drongly  connected  together,  are 
ieparated  with  the  greated  difficulty  :  fuch  are  the 
Metals  properly  fo  called;  namely  Gold,  Silver, 
Copper,  Iron,  Tin,  and  Lead.  After  thefe  come 
the  Semi-metals  in  order  ;  to  wit,  Regulus  of 
Antimony,  Zinc,  Bifmuth,  and  Regulus  of  Ar- 
fenic.  Mercury  being  a  doubtful  fubdance,  which 
fome  Chymids  rank  with  the  Metals,  and  others 
with  the  Semi- metals,  becaufe  it  adually  poffeffes 
certain  properties  in  common  with  each,  I  have 
treated  of  it  in  a  feparate  Chapter,  which  dands  be¬ 
tween  the  Metals  and  Semi' metals. 

I  next  proceed  to  examine  the  feveral  forts  of 
Oils,  whether  Vegetable,  which  are  divided  into 
fat,  eifential,  and  empyreumatic  ;  or  Animal,  and 
Mineral  Oils. 

By  examining  thefe  fubdances  we  obtain 
ideas  of  all  the  principles  which  enter  into  the 
compofition  of  V egetable  and  Animal  bodies  ;  that 
is,  of  thofe  fubdances  that  are  capable  of  fermenta¬ 
tion  :  this  enables  me  to  treat  of  fermentation  in 
general;  of  its  three  different  degrees  or  kinds,  the 
fpirituous,  acetous,  and  putrid  ;  and  of  the  pro- 
duds  of  thofe  fermentations,  ardent  fpirits,  acids 
analogous  to  thofe  of  vegetables  and  animals, 
and  volatile  alkalis. 

The  order  in  which  I  treat  of  all  thofe  fubdances 
being  different  from  that  in  which  they  are  obtained 
from  compound  bodies,  I  give,  in  a  didind  Chap¬ 
ter,  a  general  Idea  of  Chymical  Decompofition, 
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with  a  view  to  fhew  the  order  in  which  they  arc 
feparated  from  the  feveral  bodies  in  the  com- 
pofition  whereof  they  are  found.  This  brings 
them  a  fécond  time  under  review,  and  gives  me  an 
opportunity  of  diftinguiffiing  thofe  which  exit 
naturally  in  compound  bodies,  from  thofe  which 
are  only  the  reful t  of  a  new  combination  of 
fome  of  their  principles  produced  by  the  fire. 

The  fucceeding  Chapter  explains  the  late  Mr. 
Geoffroy’s  Table  of  Affinities;  which  I  take  to 
be  of  great  ufe  at  the  end  of  an  Elementary  Traci 
like  this,  as  it  collects  into  one  point  of  view  the 
moft  efiential  and  fundamental  doctrines  which  are 
difperfed  through  the  work. 

I  conclude  with  an  account  of  the  Contrac¬ 
tion  of  fuch  Vefîèls  and  Furnaces  as  are  ufually 
employed  in  Chymiflry. 

In  this  Part  I  fay  nothing  of*  any  manual 
operations,  or  the  feveral  ways  of  performing  Chy- 
mical  procédés  ;  refèrving  thefe  particulars  for 
my  Treatife  of  Practical  Chymiflry,  to  which  this 
mud  be  confidered  as  an  Introduction. 
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ELEMENTS 


O  F  T  H  E 


THEORY  of  Chymistry. 


CHAP.  I. 

Of  the  Principles 


TH  E  Objedt  and  chief  End  of  Chymi- 
ftry  is  to  feparate  the  different  fubftances 
that  enter  into  the  compofition  of  bodies  ; 
to  examine  each  of  them  apart  ;  to  dif- 
cover  their  properties  and  relations  ;  to  decompofe 
thofe  very  fubftances,  if  poiTible  ;  to  compare  them 
together,  and  combine  them  with  others  ;  to  re¬ 
unite  them  again  into  one  body  fo  as  to  re¬ 
produce  the  original  compound  with  all  its  pro¬ 
perties  -,  or  even  to  produce  new  compounds  that 
never  exifted  among  the  works  of  nature,  from 
mixtures  of  other  matters  differently  combined. 

But  this  Analyfis,  or  Decompofition,  of  Bodies 
is  finite  -,  for  we  are  unable  to  carry  it  beyond  a 
certain  limit.  In  whatever  way  we  attempt  to  go 
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further,  we  are  always  flopped  by  fubftances  m 
which  we  can  produce  no  change,  which  are  inca¬ 
pable  of  being  refolved  into  others,  and  which  ftand 
as  fo  many  firm  barriers  obftruding  our  pro- 
grefs. 

To  thefe  fubftances  we  may,  in  my  opinion, 
give  the  title  of  Principles  or  Elements  :  at  leaft 
they  are  really  fuch  with  regard  to  us.  Of  this 
kind  the  principal  are  Earth,  Water,  Air,  and 
Fire.  For  though  there  be  reafon  to  think  that  thefe 
are  not  the  firft  component  parts,  or  the  moil  firnple 
elements,  of  matter;  yet,  as  we  know  by  ex¬ 
perience  that  our  fenfes  cannot  pofftbly  difcover 
the  principles  of  which  they  are  themfelves  com¬ 
posed,  it  feems  more  reafonable  to  fix  upon  them* 
and  confider  them  as  firnple  homogeneous  bodies, 
and  the  principles  of  the  reft,  than  to  tire  our  minds 
with  vain  eonjedures  about  the  parts  or  elements  of 
which  they  may  confift  ;  feeing  there  is  no  criterion 
by  which  we  can  know  whether  we  have  hit  upon 
the  truth,  or  whether  the  notions  we  have  formed 
are  mere  fancies.  We  fhall  therefore  confider  thefe 
four  fubftances  as  the  principles  or  elements  of  all 
the  various  compounds  which  nature  prefents  to  our 
enquiries  :  becaufe  of  all  thofe  we  know  they  are  in 
fad  the  moft  firnple  ;  and  becaufe  all  our  decom- 
pofitions,  all  our  experiments  on  other  bodies,  plain¬ 
ly  prove  that  they  are  at  la  ft  refolvable  into  thefe 
primary  parts. 

Thefe  principles  do  not  enter  in  the  fame  propor¬ 
tion  into  all  bodies  :  there  are  even  fome  mixts  in 
the  compofition  of  which  this  or  that  particular 
principle  is  not  to  be  found.  Thus  Air  and  Wa¬ 
ter  feem  to  be  wholly  excluded  from  the  texture  of 
Metals  :  at  leaft  all  the  experiments  hitherto  made^ 
on  them  feem  to  eftablifh  this  opinion. 

The  fubftances  compofed  immediately  of  thefe 
Tirji  Elements  we  fhall  call  Secondary  Principles  ; 
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becaufe  in  reality  their  feveral  combinations  with 
each  other,  the  interchangeable  coalitions  that  take 
place  between  them,  conftitute  the  different  natures 
of  all  other  bodies  ;  which,  as  they  refult  from  the 
union  both  of  primary  and  fecondary  principles, 
are  properly  entitled  to  the  name  of  Compounds  or 
Mixts. 

Before  we  enter  upon  the  examination  of  Com¬ 
pound  Subftances,  it  is  neceffary  to  confider  the  moft:  * 
Simple  ones,  or  our  four  Firfc  Principles,  with  fame 
attention,  in  order  to  difcover  their  chief  proper¬ 
ties. 

§.  I.  Of  Air. 

Air  is  that  Fluid  which  we  conftantly 
breathe,  and  which  encompafTes  the  whole  furface 
of  the  terreftrial  globe.  Being  heavy,  like  all  other 
bodies,  it  penetrates  into  all  places  that  are  not 
either  abfoluteiy  inacceflible,  or  filled  with  fome 
other  body  heavier  than  itfelf.  Its  principal  property 
is  to  be  fufceptible  of  condenfation  and  rarefaction  ; 
fo  that  the  very  fame  quantity  of  Air  may  occupy  a 
much  greater,  or  a  much  fm aller  fpace,  according 
to  the  different  Fate  it  is  in.  Pleat  and  cold,  or,  if  you 
will,  the  prefence  and  the  abfence  of  the  particles  of 
Fire,  are  the  moft  ufual  caufes,  and  indeed  the  mea- 
fures,  of  its  condenfation  and  rarefaction  :  for  if  a  cer¬ 
tain  quantity  of  Air  be  heated,  its  bulk  enlarges  in 
proportion  to  the  degree  of  heat  applied  to  it  ;  the 
confequence  whereof  is  that  the  fame  fpace  now  con¬ 
tains  fewer  particles  of  Air  than  it  did  before.  Cold 
again  produces  juft  the  contrary  effedt. 

On  this  property  which  Air  has,  of  being  con- 
denied  and  dilated  by  heat,  its  elafticity  chiefly  de¬ 
pends.  For  if  Air  were  forced  by  condenfation 
into  a  lefs  compafs  than  it  took  up  before,  and 
then  expofed  to  a  very  confiderable  degree  of 
cold,  it  wrould  remain  quite  ina&ive,  without  exert- 
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ing  fuch  an  effort  as  it  ufnally  makes  againft  the 
cortlpreffing  body.  On  the  other  hand,  the  elafticity 
of  heated  Air  arifes  only  from  hence,  that  being  rare¬ 
fied  by  the  action  of  fire,  it  requires  much  more 
room  than  it  occupied  before. 

Air  enters  into  the  compofition  of  many  fub- 
fiances,  efpecially  vegetable  and  animal  bodies  :  for 
by  analyfing  moff  of  them  fuch  a  confiderable  quan¬ 
tity  thereof  is  extricated,  that  fome  naturalifts  have 
fufpeéted  it  to  be  altogether  deflitute  of  elafticity 
when  thus  combined  with  the  other  principles  in  the 
compofition  of  bodies.  According  to  them  the  effi¬ 
cacy  of  the  elaftic  power  of  the  Air  is  fo  prodigi¬ 
ous,  and  its  force  when  compreffed  fo  exceffive,  that 
it  is  not  poffible  the  other  component  parts  of  bo¬ 
dies  fhould  be  able  to  confine  fo  much  of  it  in  that 
ftate  of  compreffion  which  it  muft  needs  undergo,  if 
retaining  its  elafticity  it  were  pent  up  among  them. 

However  that  be,  this  elaftic  property  of  the  Air 
produces  the  moft  fingular  and  important  phe¬ 
nomena  obfervable  in  the  refolution  and  compofi¬ 
tion  of  bodies. 

§.  II.  0/ Water. 

W  a  ter  is  a  thing  fo  well  known,  that  it  is 
a! moft  needlefs  to  attempt  giving  a  general  idea  of 
it  here.  Every  one  knows  that  it  is  a  tranfparent, 
infipid  fubftance,  and  ufually  fluid.  I  fay  it  is 
ufuaily  fo  -5  for  being  expofed  to  a  certain  degree  of 
cold  it  becomes  folid  :  folidity  therefore  feems  to  be 
its  moft  natural  ftate. 

Water  expofed  to  the  fire  grows  hot  ;  but  only 
to  a  limited  degree,  beyond  which  its  heat  never 
rifes,  be  the  force  of  fire  applied  to  it  ever  fo  vio¬ 
lent  :  it  is  known  to  have  acquired  this  degree  of 
heat  by  its  boiling  up  with  great  tumult.  Water 
cannot  be  made  hotter,  becaufe  it  is  volatile,  and 
incapable  of  enduring  the  heat  without  being  eva¬ 
porated  and  entirely  diffipated. 
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If  fuch  a  violent  and  fudden  heat  be  applied  to 
Water  as  will  not  allow  it  time  to  exhale  gently  in 
vapours,  as  when,  for  inflance,  a  fmall  quantity 
thereof  is  thrown  upon  a  metal  in  fufion,  it  is  diffi- 
pated  at  once  with  vail  impetuofity,  producing  a 
moil  terrible  and  dangerous  explofion.  This  fur- 
prifing  effed  may  be  deduced  from  the  inflantane- 
ous  dilatation  of  the  parts  of  the  Water  itfelf,  or  ra¬ 
ther  of  the  Air  contained  in  it.  Moreover,  Water 
enters  into  the  texture  of  many  bodies,  both  com¬ 
pounds  and  fecondary  principles  ;  but,  like  Air,  it 
feems  to  be  excluded  from  the  compofition  of  all 
metals,  and  moll  minerals.  For  although  an  irn- 
menfe  quantity  of  Water  exiils  in  the  bowels  of  the 
Earth,  moiilening  all  its  contents,  it  does  not  there¬ 
fore  follow  that  it  is  one  of  the  principles  of  mine¬ 
rals.  It  is  only  interpofed  between  their  parts  ;  for 
they  may  be  entirely  robbed  of  it,  without  any  fort 
of  decompofition  :  indeed  it  is  not  capable  of  an 
intimate  connexion  with  them. 

§.  III.  Of  E  A  R  T  H. 

W  e  obferved  that  the  two  principles  above  treat¬ 
ed  of  are  volatile  ;  that  is,  the  adion  of  Fire  fepa- 
rates  them  from  the  bodies  they  help  to  compole, 
carrying  them  quite  off,  and  dilfipating  them. 
That  of  which  we  are  now  to  fpeak,  namely  Earth, 
is  fixed,  and,  when  it  is  absolutely  pure,  refills  the 
utmoft  force  of  Fire.  So  that,  whatever  remains  of 
a  body,  after  it  hath  been  expofcd  to  the  power  of 
the  fierceft  Fire,  mull  be  confidered  as  containing: 
nearly  all  its  earthy  principle,  and  confiding  chiefly 
thereof.  I  qualify  my  expreflion  thus  for  two  rea¬ 
sons  :  the  firfl  is,  became  it  often  happens,  that  this 
remainder  does  not  adually  contain  all  the  Earth 
which  exifled  originally  in  the  mixt  body  decompo- 
fed  by  Fire  ;  fince  it  will  afterwards  appear  that 
Earth,  though  in  its  own  nature  fixed,  may  be  ren- 
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dered  volatile  by  being  intimately  united  with  other 
lubftfinces  which  are  lb  ;  and  that,  in  fact,  it  is 
common  enough  for  part  of  the  Earth  of  a  body  to 
be  thus  volatilized  by  its  other  principles  :  the  fé¬ 
cond  is,  that  what  remains  after  the  calcination  of  a 
body  is  not  generally  its  Earth  in  perfedt  purity, 
but  combined  with  fome  of  its  other  principles, 
which,  though  volatile  in  their  own  natures,  have 
been  fixed  by  the  union  contracted  between  it  and 
them.  We  fhall,  in  the  fequel,  produce  fome 
examples  to  illuftrate  this  theory. 

Earth  therefore,  properly  lb  called,  is  a  fixed 
principle  which  is  permanent  in  the  Fire,  There  is 
reafon  to  think  it  very  difficult,  if  not  impoffible,  to 
obtain  the  terrene  principle  wholly  free  from  every 
other  fubftance  :  for  after  our  utmoft  endeavours  to 
purify  them,  the  Earths  we  obtain  from  different 
compounds  are  found  to  have  different  properties 
according  to  the  different  bodies  from  which  they  are 
procured  ;  or  elfe,  if  thofe  Earths  be  pure,  we  mult 
allow  them  to  be  effentially  different,  feeing  they 
have  different  properties. 

Earth,  in  general,  with  regard  to  its  properties, 
may  be  diftributed  into  fufible ,  and  unfufible  ;  that 
is,  into  Earth  that  is  capable  of  melting  or  beco¬ 
ming  fluid  in  the  Fire,  and  Earth  that  conftantly 
remains  in  a  folid  form,  never  melting  in  the  firong- 
efi  degree  of  heat  to  which  we  can  expole  it. 

The  former  is  alfo  called  verifiable,  and  the  fé¬ 
cond  unvitrifiable  Earth.;  becaufe,  when  Earth  is 
melted  by  the  force  of  fire,  it  becomes  what  we 
call  glafs,  which  is  nothing  but  the  parts  of  Earth 
brought  into  nearer  contact,  and  more  clofely  united 
by  the  means  of  fuiion.  Perhaps  the  Earth,  which 
we  look  upon  as  tmcapable  of  vitrification,  might 
be  fufed  it  we  could  apply  to  it  a  fufficient  degree 
of  heat.  It  is  at  leaff  certain  that  fome  Earths,  or 
Hones.,  which  feparately  reuft  the  force  of  Fire  fo 

that 


Theory  of  Chymistrv,  y 

that  they  cannot  be  melted,  become  fufible  when 
mixed  together.  Experience  convinced  Mr  du  Ha¬ 
mel  that  lime-ftone  and  (late  are  of  this  kind.  It  is 
however  undoubtedly  true  that  one  Earth  differs 
from  another  in  its  degree  of  fufibility  :  and  this 
gives  ground  to  believe,  that  there  may  be  a  fpe- 
cies  of  Earth  abfolutely  un  verifiable  in  its  nature, 
which,  being  mixed  in  different  proportions  with 
fufible  Earths,  renders  them  difficult  to  melt. 

Whatever  may  be  in  this,  as  there  are  Earths 
which  we  are  abfolutely  unable  to  vitrify,  that  is  a 
fufficient  reafon  for  our  divifion  of  them.  Unvitri¬ 
fiable  Earths  feem  to  be  porous,  for  they  imbibe 
Water  ;  whence  they  have  alfo  got  the  name  of 
Ahforbent  Earths. 

§.  IV.  Of  Fire. 

The  Matter  of  the  Sun,  or  of  Light,  the  Phlo-- 
gifton,  Fire,  the  Sulphureous  Principle,  the  Inflam¬ 
mable  Matter,  are  all  of  them  names  by  which  the 
Element  of  Fire  is  ufually  denoted.  But  it  fhould 
feem,  that  an  accurate  diFinffion  hath  not  yet  been 
made  between  the  different  Fates  in  which  it  exifts  ; 
that  is,  between  the  phenomena  of  Fire  actually 
exifling  as  a  principle  in  the  compofition  of  bodies, 
and  thofe  which  it  exhibits  when  exifling  Separately 
and  in  its  natural  Fate  :  nor  have  proper  diftindt 
appellations  been  affigned  to  it  in  thofe  different 
circumFances.  In  the  latter  Fate  we  may  properly 
give  it  the  names  of  Fire,  Matter  of  the  Sun,  of 
Light,  and  of  bleat  ;  and  may  confider  it  as  a 
fubFance  compofed  of  infinitely  fmall  particles,  con¬ 
tinually  agitated  by  a  moF  rapid  motion,  and  of 
confequence,  effentially  Fuid. 

This  fubFance,  of  which  the  fun  may  be  called 
the  general  refer  voir,  feems  to  Fow  inceffantly  from 
that  fource,  diffufing  itfelf  over  the  world,  and 
through  all  the  bodies  we  know  -,  but  not  as  a  prin- 
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pie,  or  effential  pare  of  them,  fince  they  may  be 
deprived  thereof,  at  lead:  in  a  great  meafure,  with¬ 
out  fullering  any  decompofition.  The  greateft 
change  produced  on  them,  by  its  prefence  or  its  ab- 
fence,  is  the  rendering  them  fluid  or  folid  :  fo  that 
all  other  bodies  may  be  deemed  naturally  folid  ;  Fire 
alone  effentially  fluid,  and  the  principle  of  fluidity 
in  others.  This  being  prefuppofed,  Air  itfelf  might 
become  folid,  if  it  could  be  entirely  deprived  of  the 
Fire  it  contains  ;  as  bodies  of  moft  difficult  fufion 
become  fluid,  when  penetrated  by  a  fufficient  quan¬ 
tity  of  the  particles  of  Fire. 

One  of  the  chief  properties  of  this  pure  Fire  is  to 
penetrate  eafily  into  all  bodies,  and  to  diffufe  itfelf 
among  them  with  a  fort  of  uniformity  and  equality  : 
for  if  a  heated  body  be  contiguous  to  a  cold  one,  the 
former  communicates  to  the  latter  all  its  excels  of 
heat,  cooling  in  exadt  proportion  as  the  other  warms, 
till  both  come  to  have  the  verv  fame  degree  of 
heat.  Heat,  however,  is  naturally  communicable 
fooneft  to  the  upper  parts  of  a  body,  and  confe- 
quently,  when  a  body  cools,  the  under  parts  become 
fooneft  cold.  It  hath  been  obferved,  for  inftance, 
that  the  lower  extremity  of  a  heated  body,  freely 
fufpended  in  the  air,  grows  cold  fooner  than  the 
upper  ;  and  that  when  a  bar  of  iron  is  red-hot  at  one 
end,  and  col'd  at  the  other,  the  cold  end  is  much 
fooner  heated  by  placing  the  bar  fo  that  the  hot 
end  may  be  undermoft,  than  when  that  end  is 
turned  upper  mo  ft.  The  levity  of  the  matter  of 
Fire,  and  the  vicinity  of  the  Earth,  may  poffibly  be 
the  caufes  of  this  phenomenon. 

Another  property  of  Fire  is  to  dilate  all  bodies 
into  which  it  penetrates.  This  hath  already  been 
jfhewn  with  regard  to  Air  and  Water  ;  and  it  pro¬ 
duces  the  fame  effect  on  Earth. 

Fire  is  the  moft  powerful  agent  we  can  employ 
to  decompofe  bodies  ;  and  the  greateft  degree  of 

heat 
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heat  producible  by  man,  is  that  excited  by  the  rays 
of  the  fun  collected  in  the  focus  of  a  large  burning-* 
glafs. 

§.  V.  Of  fbe  Phlogiston. 

From  what  hath  been  faid  concerning  the  na^ 
tuie  or  fire,  it  is  evidently  impoflible  for  us  to  fix 
and  confine  it  in  any  body.  Yet  the  phenome¬ 
na  attending  the  combuftion  of  inflammable  bodies 
fhew  that  they  really  contain  the  matter  of  Fire  as  a 
confti tuent  principle.  By  what  mechanifm  then  is 
tnis  fluid,  which  is  fo  lubtile,  fo  adlive,  fo  difficult 
to  confine,  fo  capaole  of  penetrating  into  every 
other  fubftance  in  nature  ;  how  comes  it,  1  fay,  to  be 
fo  fixed  as  to  make  a  component  part  of  the  moft 
folid  bodies  ?  It  is  no  eafy  matter  to  give  a  fatisfac- 
tory  anfwer  to  this  queftion.  But,  without  pre¬ 
tending  to  guefs  the  caufe  of  the  phenomenon,  let 
us  reft  contented  with  the  certainty  of  the  fad,  the 
knowledge  of  which  will  undoubtedly  procure  us 
confiuerable  advantages.  Let  us  therefore  examine 
the  properties  of  f  ire  thus  fixed  and  become  a 
principle  of  bodies.  To  this  fubftance,  in  order  to 
diftinguifh  it  f:oni  pure  and  unfixed  hire,  the  chy- 
mifts  have  afligned  the  peculiar  title  of  the  Pblo- 
gifton^  which  is  indeed  no  other  than  a  Greek  word 
for  the  Inflammable  Matter  ;  by  which  latter  name, 
as  well  as  by  that  of  the  Sulphureous  Principle,  it  is 
alfo  îometimes  called.  It  differs  from  elementary 
f  ire  in  the  following  particulars.  1.  When  united 
to  a  body,  it  communicates  to  it  neither  heat  nor 
light.  2.  It  produces  no  change  in  its  ftate,  whe¬ 
ther  of  folidity  or  fluidity  ;  fo  that  a  folid  body  does 
not  become  fluid  by  the  acceflion  of  the  Phlogifton, 
and  vice  vevfa  ;  the  folid  bodies  to  which  it  is  joined 
being  only  rendered  thereby  more  apt  to  be  fufed  by 
the  foice  of  the  culinary  fire.  3.  We  can  convey  it 
fiO.n  the  body  with  which  it  is  joined  into  anothér 

body. 
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body,  fo  that  it  fhall  enter  into  the  compofition 
thereof,  and  remain  fixed  in  it. 

On  this  occafion  both  thefe  bodies,  that  which  is 
deprived  of  the  Phlogifton  and  that  which  receives 
it,  undergo  very  confiderable  alterations  ;  and  it  is 
this  laft  circumftance  in  particular  that  obliges  us  to 
diftinguifh  the  Phlogifton  from  pure  Fire,  and  to 
confider  it  as  the  element  of  Fire  combined  with 
fome  other  fubftance,  which  ferves  it  as  a  bafis  for 
conflituting  a  kind  of  fecondary  principle.  For  if 
there  were  no  difference  between  them,  we  fhould 
be  able  to  introduce  and  fix  pure  Fire  itfelf  when¬ 
ever  we  can  introduce  and  fix  the  Phlogifton  :  yet 
this  is  what  we  can  by  no  means  do,  as  will  appear 
from  experiments  to  be.  afterwards  produced. 

Hitherto  Chymifts  have  never  been  able  to  obtain 
the  Phlogifton  quite  pure,  and  free  from  every  other 
fubftance  :  for  there  are  but  two  ways  of  feparating  it 
from  a  body  of  which  it  makes  a  part  ;  to  wit, 
either  by  applying  fome  other  body  with  which  it 
may  unite  the  moment  it  quits  the  former;  or  elfe 
by  calcining  and  burning  the  compound  from  which 
you  defire  to  fever  it.  In  the  former  cafe  it  is  evi¬ 
dent  that  we  do  not  get  the  Phlogifton  by  itfelf, 
becaufe  it  only  paffes  from  one  combination  into 
another  ;  and  in  the  latter,  it  is  entirely  diftipated 
in  the  decompofition,  fo  that  no  part  of  it  can  pof- 
fibly  be  fecured. 

The  inflammability  of  a  body  is  an  infallible  fign 
that  it  contains  a  Phlogifton  ;  but  from  a  body’s 
not  being  inflammable,  it  cannot  be  inferred  that  it 
contains  none  :  for  experiments  have  demonftrated 
that  certain  metals  abound  with  it,  which  yet  are 
by  no  means  inflammable. 

We  have  now  delivered  what  is  moft  neceffary  to 
be  known  concerning  the  principles  of  bodies  in 
general.  They  have  many  other  properties  befides 
thofe  above-mentioned  ;  but  we  cannot  properly 

take 
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take  notice  of  them  here,  becaufe  they  prefuppofe 
an  acquaintance  with  fome  other  things  relatin  g  to 
bodies  of  which  we  have  hitherto  faid  nothing  j  in¬ 
tending  to  treat  of  them  in  the  fequel  as  occafion 
fhall  offer.  We  fhall  only  obierve  in  this  place, 
that  when  animal  and  vegetable  matters  are  burnt  in 
fuch  a  manner  as  to  hinder  them  from  flaming,  fome 
part  of  the  Phlogiflon  contained  in  them  unites  inti¬ 
mately  with  their  moil  fixed  earthy  parts,  and  with 
them  forms  a  compound  that  can  be  confumed  only 
by  making  it  red-hot  in  the  open  air,  where  it 
fparkles  and  wafles  away,  without  emitting  any  flame. 
This  compound  is  called  a  Coal,  We  fhall  enquire 
into  the  properties  of  this  Coal  under  the  head  of 
Oils  :  at  prefent  it  fuffices  that  we  know  in  general 
what  it  is,  and  that  it  readily  communicates  to  other 
bodies  the  Phlogiflon  it  contains. 


C  H  A  P.  II. 

A  general  View  of  the  Relations  or 
Affinities  betwee?i  Bodies , 


BEFORE  we  can  reduce  compound  Bodies 
to  the  firft  principles  above  pointed  out,  we 
obtain,  by  analyfing  them,  certain  fubftances  which 
are  indeed  more  fimple  than  the  bodies  they  helped 
to  compofe,  yet  are  themfelves  compofed  of  our  pri¬ 
mary  principles.  They  are  therefore  at  one  and  the 
fame  time  both  principles  and  compounds  ;  for 
which  reafon  we  fhall,  as  was  before  laid,  call  them 
by  the  name  of  Secondary  Principles.  Saline  and 
oily  matters  chiefly  conflitute  this  clafs.  But  before 
we  enter  upon  an  examination  of  their  properties, 
it  is  fit  we  lay  before  the  Reader  a  general  view  of 
what  Chymifts  underhand  by  the  Relations  or  Affini¬ 
ties 
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ties  of  Bodies  ;  becaufe  it  is  neceffary  to  know  thefe, 
in  order  to  a  diilind  conception  of  the  different 
combinations  we  are  to  treat  of. 

All  the  experiments  hitherto  made  concur  with 
daily  obfervation  to  prove  that  different  bodies, 
whether  principles  or  compounds,  have  fiuch  a  mu¬ 
tual  Conformity,  Relation,  Affinity,  orAttradion,  if 
you  will  call  it  fo,  as  difpofes  feme  of  them  to  join 
and  unite  together,  while  they  are  incapable  of  con- 
trading  any  union  with  others.  This  effed,  what¬ 
ever  be  its  caufe,  will  enable  us  to  account  for,  and 
conned  together,  all  the  phenomena  that  Chy- 
miftry  produces.  The  nature  of  this  univerfal  af- 
fedion  of  matter  is  diilindly  laid  down  in  the  fol¬ 
lowing  proportions. 

Firft,  If  one  fubflance  has  any  Affinity  or  con¬ 
formity  with  another,  the  two  will  unite  together, 
and  form  one  compound. 

M. 

‘Secondly,  It  may  be  laid  down  as  a  general  rule, 
that  all  fimilar  fubflances  have  an  Affinity  with  each 
other,  and  are  confequently  difpofcd  to  unite-,  as 
water  with  water,  earth  with  earth,  CT. 

Thirdly,  Subftances  that  unite  together  lofefome 
of  their  feparate  properties  ;  and  the  compounds  re¬ 
futing  f  om  their  union  partake  of  the  properties 
of  thofe  fubflances  which  ierve  as  their  principles. 

Fourthly,  The  fimpler  any  fubflances  are,  the 
more  perceptible  and  confiderable  are  their  Affinities  : 
whence  it  follows,  that  the  lefs  bodies  are  com¬ 
pounded,  the  more  difficult  it  is  to  analyfe  them  ; 
that  is,  to  feparate  from  each  other  the  principles  of 
which  they  confiil. 

Fifthly,  If  a  body  confifl  of  two  fubflances,  and 
to  this  compound  be  prefented  a  third  fubflance 
that  has  no  Ainnity  at  all  with  one  of  the  two  pri¬ 
mary  fubflances  aforefaid,  but  has  a  greater  Affinity 
with  the  other  than  thofe  two  fubflances  have  with 
each  other,  there  will  enllie  a  decompofition,  and  a 

new 
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new  union  ;  that  is,  the  third  fubftance  will  feparate 
the  two  compounding  fubftances  from  each  other, 
coalefce  with  that  which  has  an  Affinity  with  it,  form 
therewith  a  new  combination,  and  difengage  the 
other,  which  will  then  be  left  at  liberty,  and  fuch 
as  it  was  before  it  had  contrabled  any  union. 

Sixthly,  It  happens  fometimes  that  when  a  third 
fubftance  is  prefented  to  a  body  confifting  of  two 
fubftances,  no  decompofition  follows  ;  but  the  two 
compounding  fubftances,  without  quitting  each 
other,  unite  with  the  fubftance  prefented  to  them, 
and  form  a  combination  of  three  principles  :  and 
this  comes  to  pals  when  that  third  fubftance  has  an 
equal,  or  nearly  equal,  Affinity  with  each  of  the  com¬ 
pounding  fubftances.  The  fame  thing  may  alfo 
happen  even  when  the  third  fubftance  hath  no 
Affinity  but  with  one  of  the  compounding  fubftances 
only.  To  produce  fuch  an  effebt,  it  is  fufficient  that 
one  of  the  two  compounding  fubftances  have  to  the 
third  body  a  Relation  equal,  or  nearly  equal,  to  that 
which  it  has  to  the  other  compounding  fubftance 
with  which  it  is  already  combined.  Thence  it  fol¬ 
lows,  that  two  fubftances,  which,  when  apart  from 
all  others,  are  incapable  of  contrabting  any  union, 
may  be  rendered  capable  of  incorporating  together 
in  fome  meafure,  and  becoming  parts  of  the  fame 
compound,  by  combining  with  a  third  fubftance 
with  which  each  of  them  has  an  equal  Affinity. 

Seventhly,  A  body,  which  of  itfelf  cannot  de- 
compofe  a  compound  con  filling  of  two  fubftances,  be- 
caufe,  as  wejuftnow  faid,  they  have  a  greater  Affinity 
with  each  other  than  it  has  with  either  of  them,  be¬ 
comes  neverthelefs  capable  of  feparating  the  two  by 
uniting  with  one  of  them,  when  it  is  itfelf  combined 
with  another  body  having  a  degree  of  Affinity  with 
that  one  fufficient  to  compenfate  its  own  want  thereof. 
In  that  cafe  there  are  two  Affinities,  and  thence  enfues 
a  double  decompofition  and  a  double  combination. 

Thefe 
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Thefe  fundamental  truths,  from  which  we  ffiall 
deduce  an  explanation  of  all  the  phenomena  in 
Chymiftry,  will  be  confirmed  and  illuftrated  by 
applying  them,  as  we  ffiall  do,  to  the  feveral 
cafes,  of  which  our  defign  in  this  Treatife  obliges 
us  to  give  a  circumffantial  account. 


CHAP.  III. 

Of  Saline  Subjlances  in  general. 

ÎF  a  particle  of  water  be  intimately  united  with  a 
particle  of  earth,  the  refult  will  be  a  new  com¬ 
pound,  which,  according  to  our  third  propofition 
of  Affinities,  will  partake  of  the  properties  of  earth 
and  of  water  ;  and  this  combination  principally  forms 
what  is  called  a  Saline  Subfiance.  Confequently 
every  faline  Subfiance  muff  have  an  affinity  with 
earth  and  with  water,  and  be  capable  of  uniting 
with  both  or  either  of  them,  whether  they  be  feparate 
or  mixed  together  :  and  accordingly  this  property 
charadterifes  all  Salts  or  Saline  Subftances  in  general. 

Water  being  volatile  and  Earth  fixed,  Saits  in 
general  are  lels  volatile  than  the  former,  and  lefs 
fixed  than  the  latter;  that  is,  fire,  which  cannot 
volatilize  and  carry  off  pure  earth,  is  capable  of 
rarefying  and  volatilizing  a  Saline  Subftance  ;  but 
then  this  requires  a  greater  degree  of  heat  than  is 
neceffary  for  producing  the  fame  effects  on  pure 
water. 

There  are  feveral  forts  of  Salts,  differing  from  one 
another  in  refpedt  either  of  the  quantity,  or  the  qua¬ 
lity  of  the  earth  in  their  compofition  ;  or  laflly,  they 
differ  on  account  of  fome  additional  principles,  which 
not  being  combined  with  them  in  fufficient  quantity 
to  hinder  their  Saline  properties  from  appearing, 

permit 
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permit  them  to  retain  the  name  of  Salts,  though 
they  render  them  very  different  from  the  fimpleft 
Saline  Subfiances. 

It  is  eafy  to  infer  from  what  has  been  faid  of  Salts 
in  general,  that  fome  of  them  mull  be  more,  fome 
lefs,  fixed  or  volatile  than  others,  and  fome  more, 
fome  lefs,  difpoled  to  unite  with  water,  with  earth, 
or  with  particular  forts  of  earth,  according  to  the 
nature  or  the  proportion  of  their  principles. 

Before  we  proceed  further,  it  is  proper  juft  to 
mention  the  principal  reafons  which  induce  us  to 
think  that  every  Saline  Subfiance  is  actually  a  com¬ 
bination  of  earth  and  water,  as  we  fuppofed  at  our 
entering  on  this  fubject.  The  firfl  is,  the  conformity 
Salts  have  with  earth  and  water,  or  the  properties 
they  pofifefs  in  common  with  both.  Of  thefe  pro¬ 
perties  we  fhall  treat  fully,  as  occafion  offers  to  con- 
fider  them,  in  examining  the  feveral  forts  of  Salts. 
The  fécond  is,  that  all  Salts  may  be  actually  re- 
folved  into  earth  and  water  by  fundry  proceffes  ;  par¬ 
ticularly  by  repeated  diffolution  in  water,  evapora¬ 
tion,  defecation,  and  calcination.  Indeed  the  Chy- 
mifls  have  not  yet  been  able  to  produce  a  Saline 
Subfiance,  by  combining  earth  and  water  together. 
This  favours  a  fufpicion,  that  befides  thefe  two  there 
is  fome  other  principle  in  the  compofition  of  Saits 
which  efcapes  our  refearches,  became  we  cannot  ' 
prefer ve  it  when  we  decompofe  them  :  but  it  is  fuffi- 
cient  to  our  purpofe,  that  water  and  earth  are  de- 
monflrably  amongfl  the  real  principles  of  Saline 
Subfiances,  and  that  no  experiment  hath  everfhewn 
us  any  other. 

§.  I.  Of  Acids. 

Of  all  Saline  Subfiances,  the  fimplefl  is  that  called 
an  Acid^  on  account  of  its  take  ;  which  is  like  that  of 
verjuice,  forrel,  vinegar,  and  other  four  things,  which 
for  the  fame  reafon  are  alfo  called  Acids,  By  this 

peculiar 
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peculiar  tafte  are  Acids  chiefly  known.  They  hare 
moreover  the  property  of  turning  all  the  blue  and 
violet  colours  of  vegetables  red,  which  diftinguilhes 
them  from  all  other  faits. 

The  form  under  which  Acids  mod  commonly 
appear,  is  that  of  a  tranfparent  liquor;  though 
folidity  is  rather  their  natural  ftate.  This  is  owing 
to  their  affinity  with  water  ;  which  is  io  great  that, 
when  they  contain  but  juft  as  much  of  it  as  is  ne- 
ceflfary  to  conftitute  them  Salts,  and  confequently 
have  a  folid  form,  they  rapidly  unite  therewith  tire 
moment  they  come  into  contait  with  it  :  and  as  the 
air  is  always  loaded  with  moifture  and  aqueous  va¬ 
pours,  its  contact  alone  is  fufficient  to  liquify  them  ; 
becaufe  they  unite  with  its  humidity,  imbibe  it 
oreedily,  and  by  that  means  become  fluid.  We 
therefore  fay,  they  attraft  the  moifture  of  the  air. 
This  change  of  a  fait  from  a  folid  to  a  fluid  ftate, 
by  the  foie  contact  of  the  air,  is  alfo  called  Deliquium  ; 
fo  that  when  a  fait  changes  in  this  manner  from  a 
folid  into  a  fluid  form,  it  is  faid  to  run  per  deliquium. 
Acids  being  the  fimpleft  fpecies  of  Saline  bodies, 
their  affinities  with  different  fubftances  are  ftronger 
than  thofe  of  any  other  fort  of  fait  with  the  fame 
fubftances  ;  which  is  agreeable  to  our  fourth  propo- 
fition  concerning  Affinities. 

Acids  in  general  have  a  great  affinity  with  earths  : 
that  with  which  they  moft  readily  unite  is  the  un- 
vitri  fiable  earth  to  which  we  gave  the  name  of 
abforbent  earth.  They  feem  not  to  ait  at  all  upon 
verifiable  earths,  fuch  as  fand  ;  nor  yet  upon  fome 
other  kinds  of  earths,  at  leaft  while  they  are  in  their 
natural  ftate.  Yet  the  nature  of  thefe  earths  may 
be  in  fome  meafure  changed,  by  making  them  red 
hot  in  the  fire,  and  then  quenching  them  fuddenly 
in  cold  water  :  for  by  repeating  this  often  they  are 
brought  nearer  to  the  nature  oi  abiorbent  eai  ths,  and  , 

rendered  capable  of  uniting  with  Acids. 

2  When  i 
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When  an  Acid  liquor  is  mixed  with  an  abforbent 
earth,  for  inftance  with  chalk,  thefe  two  fubftances 
inftantly  rufh  into  union  with  fo  much  impetuofity, 
efpecially  if  the  Acid  liquor  be  as  much  dephleg- 
mated,  or  contain  as  little  water,  as  may  be,  that  a 
great  ebullition  is  immediately  produced,  attended 
with  considerable  hilling,  heat,  and  vapours,  which 
rife  the  very  in  fiant  of  their  conjunction. 

From  the  combination  of  an  Acid  with  an  ab¬ 
forbent  earth  there  arifes  a  new  compound,  which 
fome  Chymifts  have  called  Sal  Salfum  -,  becaufe  the 
Acid  by  uniting  with  the  earth  lofes  its  four  tafte* 
and  acquires  another  not  unlike  that  of  the  common 
fea-falt  ufed  in  our  kitchens  ;  yet  varying  according 
to  the  different  forts  of  A^cids  and  earths  combined 
together.  The  Acid  at  the  lame  time  lofs  its  pro¬ 
perty  of  turning  vegetable  blues  and  violet  colours 
red. 

If  we  enquire  what  is  become  of  its  propenfity  to 
unite  with  water,  we  {hall  find  that  the  earth,  which 
of  itfelf  is  not  foluble  in  water,  hath  by  its  union 
with  the  Acid  acquired  a  facility  of  diffolvihg  there¬ 
in  ;  fo  that  our  Sal  Salfum  is  foluble  in  water.  But, 
on  the  other  hand,  the  Acid  hath,  by  its  union  with 
the  earth,  loft  part  of  the  affinity  it  had  with  water  5 
fo  that  if  a  Sal  Salfum  be  dried,  and  freed  of  all 
fuperfluous  humidity,  it  will  remain  in  that  dry  folid 
form,  inflead  of  attracting  the  moifture  of  the  air 
and  running  per  'deliquium ,  as  the  Acid  would  do 
if  it  were  pure  and  unmixed  with  earth.  However, 
this  general  rule  admits  of  fome  exceptions  ;  and 
we  fhall  have  occafion  in  another  place  to  take 
notice  of  certain  Combinations  of  Acids  with  earths, 
which  {till  continue  to  att  aCt  the  moifture  of  the 
air,  though  not  lb  flrongly  as  a  pure  Acid. 

Acids  have  like  wife  a  great  affinity  with  the 
Phlogiflon.  When  we  come  to  treat  of  each  Acid 
in  particular,  we  fhall  examine  the  combinations  of 
Vol,  I.  C  each 
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each  with  the  Phlogidon  :  they  differ  fo  widely  from 
one  another,  and  many  of  them  are  fo  little  known, 
that  we  cannot  at  prefent  give  any  general  idea  of 
them. 

§.  II.  Of  A  L  K  A  L  Ï  s. 

Alkalis  are  Saline  combinations  in  which  there 
is  a  greater  proportion  of  ear  ta  than  in  Acids.  The 
principal  arguments  that  may  be  adduced  to  prove 
this  fad  are  thefe  :  Firft  ;  if  they  be  treated  in  the 
manner  propofed  above  for  analyzing  Saline  Sub- 
fiances,  we  obtain  from  them  a  much  greater 
quantity  of  earth  than  we  do  from  Acids.  Se¬ 
condly  ;  by  combining  certain  Acids  with  certain 
earths  we  can  produce  Alkalis  ;  or  at  lead  fuch 
faline  compounds  as  greatly  refemble  them.  Our 
third  and  laft  argument  is  drawn  from  the  pro¬ 
perties  of  thofe  Alkalis  which,  when  pure  and  un¬ 
adulterated  with  any  other  principle,  have  lefs  affi¬ 
nity  with  water  than  Acids  have,  and  are  alfo  more 
fixed,  refilling  the  utmoft  force  of  fire.  On  this 
account  it  is  that  they  have  obtained  the  title  of 
Fixed ,  as  well  as  to  diilinguiffi  them  from  another 
fpecies  of  Alkali,  to  be  ccniidered  hereafter,  which 
is  impure  and  volatile. 

Though  fixed  Alkalis,  when  dry,  fuftain  the  ut- 
mod  violence  of  fire  without  flying  off  in  vapours, 
it  is  remarkable  that,  being  boiled  with  water  in  an 
open  veffel,  confiderable  quantities  of  them  rife 
with  the  fleams  :  an  effect  which  mud  be  attributed 
to  the  great  affinity  between  thefe  two  fubflances, 
by  means  whereof  water  communicates  fome  part  of 
its  volatility  to  the  fixed  fait. 

V 

Alkalis  freed  of  their  fuperfiuous  humidity  by 
calcination  attrabl  the  moidure  of  the  air,  but  not 
fo  Arongly  as  Adds  :  fo  that  it  is  eafler  to  procure 
and  preferve  them  in  a  folid  form. 


They 
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They  flow  in  the  fire,  and  are  then  capable  of 
uniting  with  verifiable  earths,  and  of  forming  there¬ 
with  true  glafs  ;  which,  however,  will  partake 
of  their  properties,  if  they  be  ufed  in  fufficient 
quantity. 

As  they  melt  more  readily  than  verifiable  earth, 
they  facilitate  its  fufion  ;  fo  that  a  weaker  fire  will 
reduce  it  to  glafs  when  a  fixed  Alkali  is  joined  with 
it,  than  will  melt  it  without  that  addition. 

Alkalis  are  known  by  their  tafte,  which  is  acrid 
and  fiery  ;  and  by  the  properties  they  pofiefs  of  turn¬ 
ing  certain  vegetable  blues  and  violet  colours  green  ; 
particularly  fyrop  of  violets. 

Their  affinity  with  Acids  is  greater  than  that  of 
abforbent  earths  ;  and  hence  it  comes  to  pafs  that 
if  an  Alkali  be  prefented  to  a  combination  of  an 
Acid  with  an  abforbent  earth,  the  earth  will  be 
feparated  from  the  Acid  by  the  Alkali,  and  a  new 
union  between  the  Acid  and  the  Alkali  will  take 
place.  This  is  both  an  inftance  and  a  proof  of  our 
fifth  propofition  concerning  Affinities. 

If  a  pure  Alkali  be  prefented  to  a  pure  Acid, 
they  rufh  together  with  violence,  and  produce  the 
fame  phenomena  as  were  obferved  in  the  union  of 
an  abforbent  earth  Vtfith  an  Acid  ;  but  in  a  greater 
and  more  remarkable  degree. 

Fixed  Alkalis  may  in  general  be  divided  into  two 
forts  :  one  of  thefe  hath  all  the  above  recited  pro¬ 
perties  ;  but  the  other  pofièfifes  fome  that  are  pecu¬ 
liar  to  itfelf.  We  fliall  confider  this  latter  fort  more 
particularly  under  the  head  of  Sea-Salt. 

§.  III.  Of  Neutral  Salts. 

T  he  Acid  and  the  Alkali  thus  uniting  mutually 
rob  each  other  of  their  charadteriftic  properties  ; 
fo  that  the  compound  refulting  from  their  union 
produces  no  change  in  the  blue  colours  of  vege¬ 
tables,  and  has  a  tafte  which  is  neither  four  nor 
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acrid,  but  faltifli.  A  faline  combination  of  this 
kind  is  for  that  reafon  named  SalSalfum ,  Sal  Medium , 
or  a  Neutral  Salt*  Such  combinations  are  alfo  called 
by  the  plain  general  name  of  Salts. 

It  muft  be  obferved  that,  in  order  to  make  thefe 
Salts  perfectly  Neutral,  it  is  neceffary  that  neither  of 
the  two  faline  principles  of  which  they  are  com¬ 
pounded  be  predominant  over  the  other  ;  for  in  that 
cafe  they  will  have  the  properties  of  the  prevailing 
principle.  The  reafon  is  this  :  neither  of  thefe 
faline  fubftances  can  unite  with  the  other  but  in  a 
limited  proportion,  beyond  which  there  can  be  no 
further  coalition  between  them.  The  adion  by 
which  this  perfed  union  is  accomplifhed  is  termed 
Saturation  -,  and  the  inftant  when  fuch  proportions  of 
the  two  faline  fubftances  are  mixed  together,  that 
the  one  is  incorporated  with  as  much  of  the  other 
as  it  can  poffibly  take  up,  is  called  the  Point  of 
Saturation.  All  this  is  equally  applicable  to  the 
combination  of  an  Acid  with  an  abforbent  earth. 

The  combination  is  known  to  be  perfed,  that  is, 
the  Point  of  Saturation  is  known  to  be  obtained, 
when  after  repeated  affufions  of  an  Acid  in  fmall 
quantities  to  an  Alkali,  or  an  abforbent  earth,  we 
find  thofe  phenomena  ceafe,  which  in  fuch  cafes 
conftantly  attend  the  conffid  of  union,  as  we  faid 
above,  namely,  ebullition,  hiffing,  &c.  and  we 
may  be  allured  the  Saturation  is  complete  when  the 
new  compound  hath  neither  an  acid  nor  an  acrid 
tafte,  nor  in  the  lead  changes  the  blue  colours  of 
vegetables. 

Neutral  Salts  have  not  fo  great  an  affinity  with 
water  as  either  Acids  or  Alkalis  have  -,  becaufe  they 
are  more  compounded  :  for  we  obferved  before, 
that  the  affinities  of  the  moft  compounded  bodies 
are  generally  weaker  than  thofe  of  the  moft  fimple. 
In  confequence  hereof  few  Neutral  Salts,  when  dried, 
attrad  the  moifture  of  the  air  j  and  thofe  that  do, 
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attrad  it  more  flowly  and  in  lefs  quantity  than  either 
Acids  or  Alkalis  do. 

All  Neutral  Salts  are  ioluble  in  water  ;  but  more 
or  lefs  readily,  and  in  a  greater  or  fmaller  quantity, 
according  to  the  nature  of  their  component  prin¬ 
ciples. 

Water  made  boiling  hot  diffolves  a  greater  quan¬ 
tity  of  thofe  faits  which  do  not  attract  the  moifture 
of  the  air,  than  when  it  is  cold  ;  and  indeed  it  muft 
be  boiling  hot  to  take  up  as  much  of  them  as  it  is 
capable  of  difiolving  :  but  as  for  thofe  which  run 
in  the  air,  the  difference,  if  there  be  any,  is  im¬ 
perceptible. 

Some  Neutral  Salts  have  the  property  of  fhooting 
into  cryftals,  and  others  have  it  not. 

The  nature  of  Cryftalhzation  is  this  :  Water 
cannot  diffolve,  nor  keep  in  folution,  more  than  a 
determinate  quantity  of  any  particular  Salt  :  when 
therefore  fuch  a  quantity  of  water  is  evaporated  from 
the  folution  of  a  Salt  capable  of  cryftallization,  that 
the  remainder  contains  juft  as  much  Salt  as  it  can 
diffolve,  then  by  continuing  the  evaporation  the  Salt 
gradually  recovers  its  folid  form,  and  concretes  into 
feveral  little  tranfparent  maffes  called  Cryftals. 
Thefe  cryftals  have  regular  figures,  all  differing 
from  one  another  according  to  the  fpecies  of  Salt 
of  which  they  are  formed.  Different  methods  of 
evaporating  faline  folutions  have  different  effedls  on 
the  figure  and  regularity  of  the  cryftals  ;  and  each 
particular  fort  of  Salt  requires  a  peculiar  method  of 
evaporation  to  make  its  cryftals  perfectly  regular. 

A  folution  of  Salt  defigned  for  cryftallization  is 
ufually  evaporated  by  means  of  fire  to  a  pellicle  ; 
that  is,  till  the  Salt  begin  to  concrete  ;  which  is 
perceived  by  a  kind  of  thin  dark  fkin  that  gathers 
on  the  furface  of  the  liquor,  and  is  formed  of  the 
cryftallized  particles  of  Salt.  When  this  pelfcle 
appears  the  folution  is  fuffered  to  cool,  and  the  cry- 
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ftals  form  therein  fader  or  dower  according  to  the 
fort  of  Salt  in  hand.  If  the  evaporation  be  car¬ 
ried  on  brifkly  to  perfect  drynefs,  no  crydals  will  be 
formed  ,  and  only  an  irregular  mais  of  Salt  will  be 
obtained. 

The  reafons  why  no  crydals  appear  when  the 
evaporation  is  hadily  performed,  and  carried  on  to 
drynefs,  are,  fird,  that  the  particles  of  Salt,  being 
always  in  motion  while  the  folution  is  hot,  have  not 
time  to  exert  their  mutual  affinities,  and  to  unite 
together  as  crydallization  requires  :  fecondly,  that 
a  certain  quantity  of  water  enters  into  the  very  com- 
pofition  of  crydals  ;  which  is  therefore  absolutely 
necedary  to  their  formation,  and  in  a  greater  or 
fmaller  proportion  according  to  the  nature  of  the 
Salt  * 

If  thefe  crydallized  Salts  be  expofed  to  the  fire, 
they  fird  part  with  that  moidure  which  is  not  ne- 
ceffary  to  a  faline  concretion,  and  which  they  re¬ 
tained  only  by  means  of  their  crydallization  :  after¬ 
wards  they  begin  to  flow,  but  with  different  degrees 
of  fufibiiity. 

It  mud  be  obferved  that  certain  Salts  melt  as 
foon  as  they  are  expofed  to  the  fire  ;  namely,  thofe 
which  retain  a  great  deal  of  water  in  crydallizing. 
But  this  fluor  which  they  fo  readily  acquire  mud  be 
carefully  didinguifhed  from  actual  fufion  :  for  it  is 
owing  only  to  their  fuperfluous  humidity,  which 
heat  renders  capable  of  diffolving  and  liquifying 
them  *,  fo  that  when  it  is  evaporated  the  Salt  ceales 
to  be  fluid,  and  requires  a  much  greater  degree  of 
fire  to  bring  it  into  real  fufion. 

The  Neutral  Salts  that  do  not  cryflallize  may, 
indeed,  be  dried  by  evaporating  the  water  which 

*  Thofe  who  have  the  curiolity  to  fee  a  more  particular  ac¬ 
count  of  the  crydallization  of  Neutral  Salts,  may  read  Mr. 
Rouelle? s  excellent  Memoir  on  that  Subject,  among  thofe  of  the 
Academy  of  Sciences  for  1744*. 
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keeps  them  fluid  ;  but  by  becoming  folid  they  ac¬ 
quire  no  regular  form  ;  they  again  attradt  the 
moifture  of  the  air,  and  are  thereby  melted  into  a 
liquor.  Thefe  may  be  called  Liquefcent  Salts . 

Mold  of  the  Neutral  Salts,  that  conflit  of  an  Acid 
joined  with  a  fixed  Alkali,  or  with  an  abforbent  earth, 
are  themfelves  fixed  and  refift  the  force  of  fire  ;  yet 
feveral  of  them,  if  they  be  difiblved  in  water  and 
the  folution  boiled  and  evaporated,  fly  off  along 
with  the  fleams. 


CHAP.  IV. 

Of  the  feveral  Sorts  of  Saline  Suhjlances. 


§.  I.  Of  the  Universal  Acid, 

TH  E  Univerfal  Acid  is  fo  called,  becaufe  it  is 
in  fa6t  the  Acid  which  is  moft  univerfally 
diffufed  through  all  nature,  in  waters,  in  the  at- 
mofphere,  and  in  the  bowels  of  the  earth.  But  it 
is  feldom  pure  ;  being  almoft  always  combined  with 
feme  other  fubftance.  That  from  which  we  obtain 
it  with  moft  eafe  and  in  the  greatefl  quantity  is 
vitriol,  a  mineral  which  we  fhall  confider  afterwards  : 
and  this  is  the  reafon  why  it  is  called  the  Vitriolic 
Acid%  the  name  by  which  it  is  bell  known. 

When  the  Vitriolic  Acid  contains  but  little  phlegm, 
yet  enough  to  give  it  a  fluid  form,  it  is  called  Oil 
of  Vitriol  -,  on  account  of  a  certain  undluoiity  be¬ 
longing  to  it.  In  truth  this  name  is  very  improperly 
bellowed  on  it  ;  for  we  fhall  afterwards  fee  that, 
bating  this  undluoufnefs,  it  has  none  of  the  properties 
of  oils.  But  this  is  not  the  only  impropriety  in 
names  we  fhall  have  occafion  to  cenfure. 
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If  the  Vitriolic  Acid  contain  much  water  it  is 
then  called  S fir  it  of  Vitpol.  When  it  does  not 
contain  enough  to  render  it  fluid,  and  fo  is  in  a  folid 
form,  it  is  named  the  Icy  Oil  of  Vitriol. 

When  Oil  of  Vitriol  highly  concentrated  is  mixed 
with  water,  they  rufli  into  union  with  fuch  im- 
petuofity  that,  the  moment  they  touch  each  other, 
there  arifes  a  hilling  node,  like  that  of  red-hot  iron 
plunged  in  cold  water,  together  with  a  very  con¬ 
fide  rahle  degree  of  heat  proportioned  to  the  degree 
in  which  the  Acid  was  concentrated. 

If  inflead  of  mixing  this  concentrated  Acid  with 
water,  you  only  leave  it  expo  fed  to  the  air  for  fome 
time,  it  attradls  the  nsoifture  thereof,  and  imbibes 
it  mod  greedily.  Both  its  bulk  and  its  weight  are 
increafed  by  this  accelBon  ;  and  if  it  be  under  an 
icy  form,  that  is,  if  it  be  concreted,  the  phlegm 
thus  acquired  will  foon  refolve  it  into  a  fluid. 

The  addition  of  water  renders  the  Vitriolic  Acid, 
and  indeed  all  other  Acids,  weaker  in  one  fen fe  ; 
which  is,  that  when  they  are  very  aqueous  they 
leave  on  the  tongue  a  much  fainter  tafle  of  acidity, 
and  are  lefs  adtive  in  the  folution  of  fome  particular 
bodies  :  but  that  occafions  no  change  in  the  flrength 
of  their  affinities,  but  in  fome  cafes  rather  enables 
them  to  diflblve  feveral  fubftances,  which,  when 
well  dephlegmated,  they  are  not  capable  of  at¬ 
tacking. 

The  Vitriolic  Acid  combined  to  the  point  of 
fatu ration  with  a  particular  abforbent  earth,  the 
nature  of  which  is  not  yet  well  known,  forms  a 
Neutral  Salt  that  cryftallizes.  This  Salt  is  called 
Alum ^  and  the  figure  of  its  cry  fiais  is  that  of  an 
odtahedron  or  folid  of  eight  Tides.  Thefe  odlahe- 
dra  are  triangular  pyramids,  the  angles  of  which  are 
fo  cut  off  that  four  of  the  furfaces  are  hexagons, 
and  the  other  four  triangles. 
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There  are  feveral  forts  of  Alum,  which  differ  ac¬ 
cording  to  the  earths  combined  with  the  Vitriolic 
Acid.  Alum  diffolves  eafily  in  water,  and  in  cry- 
Utilization  retains  a  confiüerable  quantity  of  it  ; 
which  is  the  reafon  that  being  expofed  to  the  fire  it 
readily  melts,  fwelling  and  puffing  up  as  its  fuper- 
fluous  moifture  exhales.  When  that  is  quite  evapo¬ 
rated,  the  remainder  is  called  Burnt  Alum ,  and  is 
very  difficult  to  fufe.  The  Acid  of  the  Alum  is 
partly  diffipated  by  this  calcination.  Its  tafte  is 
faltifh,  with  a  degree  of  roughnefs  and  aftringency. 

The  Vitriolic  Acid  combined  with  certain  earths 
forms  a  kind  of  Neutral  Salt  called  Selenites ,  which 
cryftallizes  in  different  forms  according  to  the  nature 
of  its  earth.  There  are  numberlefs  fprings  of  wa¬ 
ter  infected  with  diffolved  Selenites  ;  but  when  this 
Sait  is  once  cryftallized,  it  is  exceeding  difficult  to 
diffolve  it  in  water  a  fécond  time.  For  that  pur- 
pole  a  very  great  quantity  of  water  is  neceffary,  and 
moreover  it  muff  boil  ;  for  as  it  cools  mod  of  the 
diffolved  Selenites  takes  a  folid  form,'  and  falls  in  a 
powder  to  the  bottom  of  the  veffel. 

If  an  Alkali  be  prefented  to  the  Selenites  or  to 
Alum,  thefe  Salts,  according  to  the  principles  we 
have  laid  down,  will  be  thereby  decompofed  ;  that 
is,  the  Acid  will  quit  the  earths,  and  join  the  Alkali, 
with  which  it  hath  a  greater  affinity.  And  from 
this  conjunction  of  the  Vitriolic  Acid  with  a  fixed 
Alkali  there  refults  another  fort  of  Neutral  Salt, 
which  is  called  Arcanum  duplication ,  Sal  de  duobus , 
and  Vitriolated  Tartar ,  becaufe  one  of  the  fixed 
Alkalis  moft  in  ufe  is  called  Salt  of  Tartar. 

Vitriolated  Tartar  is  almoft  as  hard  to  diffolve  in 
water  as  the  Selenites.  It  ffioots  into  eight-fided 
cryftals,  having  the  apices  of  the  pyramids  pretty 
obtufe.  Its  tafte  is  faltifh,  inclining  to  bitter  ;  and 
it  decrepitates  on  burning  coals.  It  requires  a  very 
great  degree  of  fire  to  make  it  flow. 
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The  Vitriolic  Acid  is  capable  of  uniting  with  the 
Phlogifton,  or  rather  it  has  a  greater  affinity  with  it 
than  with  any  other  body  :  whence  it  follows  that 
all  compounds,  of  which  it  makes  a  part,  may  be 
decompofed  by  means  of  the  Phlogifton. 

From  the  conjunction  of  the  Vitriolic  Acid  with 
the  Phlogifton  arifes  a  compound  called  Mineral 
Sulphur ,  becaufe  it  is  found  perfectly  formed  in  the 
bowels  of  the  earth.  It  is  alio  called  Sulphur  vivum , 
or  fimply.  Sulphur . 

Sulphur  is  abfolutely  infoluble  in  water,  and  in¬ 
capable  of  contracting  any  fort  of  union  with  it. 
It  melts  with  a  very  moderate  degree  of  heat,  and 
fublimes  in  fine  light  downy  tufts  called  Flowers  of 
Sulphur.  By  being  thus  fublimed  it  Puffers  no  de- 
compofition,  let  the  operation  be  repeated  ever  fo 
often  ;  fo  that  Sublimed  Sulphur,  or  Flower  of  Sul¬ 
phur,  hath  exaCtly  the  fame  properties  as  Sulphur 
that  has  never  been  fublimed. 

If  Sulphur  be  expofed  to  a  brifk  heat  in  the  open 
air,  it  takes  fire,  burns,  and  is  wholly  confumed. 
This  deflagration  of  Sulphur  is  the  only  means  we 
have  of  decompofing  it,  in  order  to  obtain  its  Acid 
In  purity.  The  Phlogifton  is  deftroyed  by  the  flame, 
and  the  Acid  exhales  in  vapours  :  thefe  vapours  col¬ 
lected  have  all  the  properties  of  the  Vitriolic  Acid, 
and  differ  from  it  only  as  they  ftill  retain  fome  por¬ 
tion  of  the  Phlogifton  *,  which,  however,  foon  quits 
them  of  its  own  accord,  if  the  free  accefs  of  the 
common  air  be  not  precluded. 

The  portion  of  Phlogifton  retained  by  the  Acid 
of  Sulphur  is  much  more  confiderable  when  that 
mineral  is  burnt  gradually  and  flowly  :  in  that  cafe 
the  vapours  which  rife  from  it  have  fuch  a  pene* 
trating  odour,  that  they  inftantaneoufly  fuffocateany 
perfon  who  draws  in  a  certain  quantity  of  them  with 
his  breath.  Thefe  vapours  conftitute  what  is  called 
the  Volatile  Spirit  of  Sulphur ,  There  is  reafon  to 

think 
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think  this  portion  of  Phlogifton  which  the  Acid  re¬ 
tains  is  combined  therewith  in  a  manner  different 
from  that  in  which  thefe  two  are  united  in  the  Sul¬ 
phur  itfelf  ;  for,  as  has  juft  been  obferved,  nothing  but 
adlual  burning  is  capable  of  feparating  the  Vitriolic 
Acid  and  the  Phlogifton,  which  by  their  union  form 
Sulphur  ;  whereas  in  the  Volatile  Spirit  of  Sulphur 
they  feparate  fpontaneoufiy  when  expofed  to  the 
open  air  ;  that  is,  the  Phlogifton  hies  off  and  leaves 
the  Acid,  which  then  becomes  in  every  refpedt  fimi- 
lar  to  the  Vitriolic  Acid. 

That  the  Volatile  Spirit  of  Sulphur  is  a  compound, 
as  we  have  afferted  it  to  be,  appears  evidently  from 
hence,  that  whenever  the  Vitriolic  Acid  touches  any 
fubftance  containing  the  Phlogifton,  provided  that 
Phlogifton  be  difengaged  or  opened  to  a  certain  de¬ 
gree,  a  Volatile  Spirit  of  Sulphur  is  infallibly  and 
immediately  generated.  This  Spirit  hath  all  the 
properties  of  Acids,  but  confiderably  weakened, 
and  of  courfe  lefs  perceptible.  It  unites  with  ab- 
forbent  earths  or  fixed  Alkalis  ;  and  with  them  forms 
Neutral  Salts  :  but  when  combined  therewith  it 
may  be  feparated  from  them  by  the  Vitriolic  Acid, 
and  indeed  by  any  of  the  mineral  Acids,  becaufe  its 
affinities  are  weaker.  Sulphur  hath  the  property  of 
uniting  with  abforbent  earths,  but  not  near  fo  in¬ 
timately  as  with  fixed  Alkalis. 

If  equal  parts  of  Sulphur  and  an  Alkali  be  melted 
together,  they  incorporate  with  each  other  ;  and 
from  their  conjunction  proceeds  a  compound  of  a 
moft  unpleafant  fmell,  much  like  that  of  rotten 
eggs,  and  of  a  red  colour  nearly  refembling  that  of 
an  animal  liver,  which  has  occafioned  it  to  bear  the 
name  of  Hepar  Sulphur  is ,  or  Liver  of  Sulphur. 

In  this  compofition  the  fixed  Alkali  communicates 
to  the  Sulphur  the  property  of  diffolving  in  water: 
and  hence  it  comes  that  Liver  of  Sulphur  may  be 
made  as  well  when  the  Alkali  is  diftblved  by  water 

into 
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into  a  fluid,  as  when  it  is  fufed  by  the  adlion  of 
fire. 

Sulphur  has  lefs  affinity  than  any  Acid  with  the 
fixed  Alkalis  :  and  therefore  Liver  of  Sulphur  may 
be  decompounded  by  any  Acid  whatever  ;  which 
will  unite  with  the  fixed  Alkali,  form  therewith  a 
Neutral  Salt,  and  feparate  the  Sulphur. 

Ir  Liver  of  Sulphur  be  diffoived  in  water,  and 
an  Acid  poured  thereon,  the  liquor,  which  was 
tranfparent  before,  inftantly  turns  to  an  opaque 
white;  becaufe  the  Sulphur,  being  forced  to  quit  its 
union  with  the  Alkali,  lofes  at  the  fame  time  the 
property  ol  difiolving  in  water,  and  appears  again 
in  its  own  opaque  form.  The  liquor  "thus  made 
white  by  the  Sulphur  is, called  Milk  of  Sulphur . 

#  If  this  liquor  be  differed  to  brand  kill  for  fome 
time,  the  particles  of  Sulphur,  now  mold  mi¬ 
nutely  divided,  gradually  approach  each  other, 
unite,  and  fall  infenfibly  to  the  bottom  of  the  veffel  ; 
and  then  the  liquor  recovers  its  tranfparency.  The 
Sulphur  thus  depofited  on  the  bottom  of  the  veffel 
is^  called  the  Magi  fiery  or  Precipitate  of  Sulphur . 
1  iie  names  or  Magifdery  and  Precipitate  are  alfo 
given  to  au  fuoibances  wnatever  that  are  lep stated 
from  another  by  this  method  ;  which  is  the  reafon 
that  we  ufe  the  expreffion  of  precipitating  one  fub- 
fiance  oy  another,  to  fignify  the  leparating  one  of 
them  by  means  of  the  other. 

§.  II.  Of  the  Nitrous  Acid. 

It  is  not  certainly  known  what  conftitutes  the 
difference  between  the  Nitrous  Ac.d  and  the  Vitriolic 
Acid,  with  regard  to  the  confirment  principles  of 
each.  The  mold  probable  opinion  is,  that  the 
Nitrous  Acid  is  no  other  than  the  Vitriolic  Acid 
combined  with  a  certain  quantity  of  Phlogifton  by 

the 
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the  means  of  putrefadlion.  If  it  be  fo,  the  Phlo¬ 
gifton  mull  be  united  with  the  Univerfal  Acid  in 
another  manner  than  it  is  in  fulphur,  and  in  its  vo¬ 
latile  fpirit  :  for  the  Nitrous  Acid  differs  from  them 
both  in  its  properties.  What  gives  ground  for  this 
opinion  is,  that  the  Nitrous  Acid  is  never  found 
but  in  earths  and  ftones  which  have  been  impregna¬ 
ted  with  matters  fubjeft  to  putrefaction,  and  which 
therefore  muft  contain  the  Phlogifton.  For  it  is 
necefiary  juft  to  obferve  here,  though  it  be  not  yet 
proper  to  enter  particularly  into  the  fubject,  that'all 
fubftances  fufceptible  of  putrefaction  really  contain 
the  Phlogifton. 

The  Nitrous  Acid  combined  with  certain  abfor- 
bent  earths,  fuch  as  chalk,  marie,  boles,  forms 
Neutral  Salts  which  do  not  cryftallize  ;  and  which, 
after  being  dried,  run  in  the  air  per  deliquium. 

All  thole  Neutral  Salts  which  confift  of  the  Ni¬ 
trous  Acid  joined  to  an  earth,  may  be  decompo- 
fed  by  a  fixed  Alkali,  with  which  the  Acid  unites, 
and  deferts  the  earth  -,  and  from  this  union  of  the 
Nitrous  Acid  with  a  fixed  Alkali  refults  a  new 
Neutral  Salt  which  is  called  Nitre ,  or  Saltpetre. 
This  latter  name  dignifies  the  Salt  of  Stone  ;  and  in 
fa£t  Nitre  is  extracted  from  the  ftones  and  piailler, 
in  which  it  forms,  by  boiling  them  in  water  fatu- 
rated  with  a  fixed  Alkali. 

Nitre  fhoots  in  long  cryftals  adhering  fideways  to 
each  other  :  it  has  a  laltifh  tafte,  which  produces  a 
fenfation  of  cold  on  the  tongue. 

ft  his  Salt  eafily  diftolves  in  water  y  which,  when 
it  boils,  takes  up  ftill  a  greater  quantity  thereof. 

It  flows  with  a  pretty  moderate  degree  of  heat, 
and  continues  fixed  therein  :  but  being  urged  by  a 
brille  fire,  and  in  the  open  air,  it  lets  go  feme  part 
ot  its  Acid,  and  indeed  flies  off  itfelf  in  part. 

The 
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The  moil  remarkable  property  of  Nitre,  and  that 
which  characterizes  it,  is  its  Fulmination  or  Explo- 
lion  the  nature  of  which  is  as  follows  : 

When  Nitre  touches  any  fubftance  containing  a 
Phlogifton,  and  actually  ignited,  that  is,  actually  on 
fire,  it  burfts  out  into  a  flame,  burns,  and  is  decom¬ 
pounded  with  much  noife. 

In  this  deflagration  the  Acid  is  diflipated,  and 
totally  feparated  from  the  Alkali,  which  now  remains 
by  itlelf. 

Indeed  the  Acid,  at  leaf!  the  greatefl  part  of  it, 
is  by  this  means  quite  deftroyed.  The  Alkali 
which  is  left  when  Nitre  is  decompounded  by  defla¬ 
gration,  is  called  in  general  Fixed  Nitre ,  and,  more 
particularly.  Nitre  fixed  by  fuch  and  fuch  a  fubftance 
as  was  ufed  in  the  operation.  But  if  Nitre  be  defla¬ 
grated  with  an  inflammable  fubftance  containing  the. 
vitriolic  Acid,  as  fulphur,  for  inftance,  the  fixed 
Salt  produced  by  the  deflagration  is  not  a  pure 
Alkali,  but  retains  a  good  deal  of  the  vitriolic  Acid, 
and,  by  combining  therewith,  hath  now  formed  a 
neutral  Salt. 

Hitherto  Chymifts  have  been  at  a  lofs  for  the 
reafon  why  Nitre  flames,  and  is  decompounded  in  the 
manner  above  mentioned,  when  it  comes  in  contaCt 
with  a  Phlogifton  properly  circumftanced.  For  my 
part,  I  conjecture  it  to  be  for  the  fame  reafon  that 
vitriolated  tartar  is  alfo  decompounded  by  the  addition 
of  a  Phlogifton  ;  viz.  the  Nitrous  Acid,  having  a 
greater  affinity  with  the  Phlogifton  than  with  the 
fixed  Alkali,  naturally  quits  the  latter  to  join  with 
the  former,  and  fo  produces  a  kind  of  fulphur, 
differing  probably  from  the  common  fulphur,  formed 
by  the  vitriolic  Acid,  in  that  it  is  combuftible  to  fuch 
a  degree,  as  to  take  fire  and  be  confumed  in  the  very 
moment  of  its  production  ;  fo  that  it  is  impoflible  to 
prevent  its  being  thus  deftroyed,  and  confequently 
impoflible  to  lave  it.  In  fupport  of  this  opinion. 
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Jet  it  be  confidered,  that  the  concurrence  of  the  Phlo¬ 
gifton  is  abfolutely  neceflary  to  produce  this  defla¬ 
gration,  and  that  the  matter  of  pure  fire  is  altogether 
incapable  of  effedting  it  :  for  though  Nitre  be  ex- 
poled  to  the  moil  violent  degree  of  fire,  even  that 
in  the  focus  of  the  moft  powerful  burning-glafs,  it 
will  not  flame  ;  nor  will  that  effedt  ever  happen  till 
the  Nitre  be  brought  into  contadt  with  a  Phlogifton 
properly  fo  called,  that  is,  the  matter  of  fire  exifting 
as  a  principle  of  feme  body  ;  and  it  is  moreover 
neceffary  that  this  Phlogifton  be  actually  on  fire, 
and  agitated  with  the  igneous  motion,  or  elfe  that 
the  Nitre  itfelf  be  red-hot,  and  fo  penetrated  with  fire 
as  to  kindle  any  inflammable  matter  that  touches, 
it. 

This  experiment,  among  others,  helps  to  fhew 
the  diftindtion  that  ought  to  be  made  betweeen  pure 
elementary  fire,  and  fire  become  a  principle  of  bo¬ 
dies  to  which  we  have  given  the  name  of  Phlogifton. 

Before  we  leave  this  fubjedt,  we  fhall  obferve  that 
Nitre  deflagrates  only  with  fuch  fubftances  as  con¬ 
tain  the  Phlogifton  in  its  fimpleft;  and  pureft  form  ; 
fuch  as  charcoal,  fulphur,  and  the  metalline  fub¬ 
ftances  ;  and  that,  though  it  will  not  deflagrate 
without  the  addition  of  fome  combuftible  matter,  it 
is  neverthelefs  the  only  known  body  that  will  burn, 
and  make  other  combuftibles  bum  with  it,  in  clofe 
veflels,  without  the  admiftion  of  frefh  air. 

The  Nitrous  Acid  hath  not  fo  great,  an  affinity 
with  earths  and  Alkalis  as  the  vitriolic  Acid  hath 
with  the  fame  fubftances  ;  whence  it  follows  that  the 
vitriolic  Acid  decompofes  all  neutral  laits  arifing  from 
a  combination  of  the  Nitrous  Acid  writh  an  earth  or 
an  Alkali,  The  vitriolic  Acid  expells  the  Nitrous 
Acid,  unites  with  the  fubftance  which  ferved  it  for 
a  bafts,  and  therewith  forms  a  neutral  fait,  which  is 
an  Alum,  a  Sdenites,  or  a  vitriolated  Tartar,  accor¬ 
ding  to  the  nature  of  that  bafts. 
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The  Nitrous  Acid,  when  thus  feparated  from  its 
bafis  by  the  vitriolic  Acid,  is  named  Spirit  of  Nitre , 
or  Aqua  Forth .  If  it  be  dephlegmated,  or  contain 
but  little  fuperfluous  v/ater,  it  exhales  in  reddifh  va¬ 
pours  ;  thefe  vapours,  being  condenfed  and  collected, 
form  a  liquor  of  a  brownifh  yeilow,  that  inceffantly 
emits  vapours  of  the  fame  colour,  and  of  a  pungent 
difagreeable  fmell.  Thefe  characters  have  procured 
it  the  names  of  Smcaking  Spirit  of  Nitre ,  and  Yellow 
Aqua  Forth .  This  property  in  the  Nitrous  Acid, 
of  exhaling  in  vapours,  fhews  it  to  be  lefs  fixed 
than  the  vitriolic  Acid  -,  for  the  latter,  though  ever 
fo  thoroughly  dephlegmated,  never  yields  any  va¬ 
pours,  nor  has  it  any  fmell. 

§.  III.  Of  the  Acid  of  Sea-Salt. 

The  Acid  of  Sea-Salt  is  fo  called  becaufe  it  is  in 
fa£t  obtained  from  fuch  Sea-Salt  as  is  ufed  in  our 
kitchens.  It  is  not  certainly  known  in  what  this  Acid 
differs  from  the  vitriolic  and  the  nitrous,  with  regard 
to  its  conflituent  parts.  Several  of  the  ableft  Chy- 
mifts,  fuch  as  Becher  and  Stahl,  are  of  opinion  that 
the  Marine  Acid  is  no  other  than  the  Univerfal  Acid 
united  to  a  particular  principle  which  they  call 
a  Mercurial  Earth.  Concerning  this  earth  we  fhall 
have  occafion  to  fay  more  when  we  come  to  treat  of 
metallic  fu bilances  :  But  in  the  mean  time  it  muft 
be  owned  that  the  truth  of  this  opinion  is  fo  far 
from  being  proved  by  a  fufficient  number  of  expe¬ 
riments,  that  the  very  exiflence  of  fuch  a  mercurial 
earth  is  not  yet  well  eftablifhed  ;  and  therefore,  that 
we  may  not  exceed  the  bounds  of  our  knowledge, 
vre  fhall  content  ourfelves  with  delivering  here  the 
properties  which  characterize  the  Acid  in  quefiion, 
and  by  which  it  is  diftinguifhed  from  the  two  others 
confidered  above. 

When  it  is  combined  with  abforbent  earths,  fuch 
as  lime  and  chalk,  it  forms  a  neutral  fait  that  does 
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not  cryftallize,  and,  when  dried,  attrafe  the  moif- 
tuie  or  tne  air.  If  the  abforbent  earth  be  not  fully 
fatu rated  with  the  Marine  Acid,  the  fait  thereby 
formed  has  the^  properties  of  a  fixed  Alkali  :  and 
this  is  what  made  us  fay,  when  we  were  on  the  fub- 
jcfi  of  thole  faits,  tliat  they  might  be  imitated  by 
combining  an  earth  with  an  Acid.  The  Marine 
Aud,  like  the  reft,  hath  not  fo  great  an  affinity 
with  earths  as  with  fixed  Alkalis. 

When  it  is  combined  with  the  latter,  it  forms  a 
neutral  fait  which  flioots  into  cubical  cry  Hals. 
This  fait  is  inclined  to  grow  moift  in  the  air,  and 
is  confequently  one  of  thofe  which  water  diffolves 
m  equal  quantities,  at  leaft  as  to  fenfe,  whether  it 
be  boiling  hot  or  quite  cold. 

The  affinity  of  this  Acid  with  Alkalis  and  abfor- 
bent  earths  is  not  fo  great  as  that  of  the  vitriolic  and 
nitrous  Acids  with  the  fame  fubftanceS  :  whence  it 
follows  that,  when  combined  therewith,  it  may  be  fe- 
parated  from  them  by  either  of  thofe  Acids. 

.Fne  Acid  of  Sea-Salt,  thus  diiengaged  from  the 
fubftance  which  ferved  it  for  a  bafis,  is  called  Spirit 
of  Salt.  When  it  contains  but  little  phlegm  it  is 
ot  a  lemon  colour,  and  continually  emits  many 
white,  very  denfe,  and  very  elaftic  vapours  ;  on 
which  account  it  is  named  the  Smoking  Spirit  of 
Sait.  Its  fmell  is  not  difagreeable,  nor  much  un¬ 
like  that  of  faffron  ;  but  extremely  quick  and  fuffb¬ 
eating  when  it  fmokes. 

-The  Acid  or  Sea- Salt,  like  the  other  two,  feems 
to  have  a  greater  affinity  with  the  Phiogiifon,  than 
with  fixed  Alkalis.  We  are  led  to  this  opinion 
by  a  very  curious  operation,  which  gives  ground  to 
think  that  Sea-Salt  may  be  decompoled  by  the  pro-, 

per  application  of  a  fubftance  containing  the  Phlo- 
gifton. 
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From  the  Marine  Acid  combined  with  a  Phlo- 
gifton  refults  a  kind  of  Sulphur,  differing  from  the 
common  fort  in  many  refpedts  ;  but  particularly  in 
this  property,  that  it  takes  fire  of  itfelf  upon  being 
expofed  to  the  open  air.  This  combination  is 
called  Englijh  Phofphonis ,  Phofphorus  of  Urine , 
becaufe  it  is  generally  prepared  from  urine,  or, 
only  Phofphorus . 

This  combination  of  the  Marine  Acid  with  aPhlo- 
gifton  is  not  eafily  effredfed  -,  becaufe  it  requires  a 
difficult  operation  in  appropriated  veffels.  For  thefe 
reafons  it  does  not  always  fucceed  ;  and  Phofphorus 
is  fo  fcarce  and  dear,  that  hitherto  Chymiits  have 
not  been  able  to  make  on  it  the  experiments  necef- 
fary  to  difcpver  all  its,  properties.  If  Phofphorus 
be  {offered  to  burn  away  in  the  air,  a  fmall  quantity 
of  an  acid  liquor  may  be  obtained  from  it,  which 
feems  to  be  fpirit  of  fait,  but  either  altered,  or  com¬ 
bined  with  fome  adventitious  matter  ;  for  it  has  feve- 
ral  properties  that  are  not  to  be  found  in  the  pure 
Marine  Acid;  fuch  as,  leaving  a  fixed  fufible  fub- 
ftance  behind  it  when  expofed  to  a  ftrong  fire,  and 
being  eafily  combined  with  the  Phlogifton  fo  as  to 
reproduce  a  Phofphorus. 

Phofphorus  refembles  fulphur  in  lèverai  of  its 
properties  :  it  is  foluble  in  oils  ;  it  melts  with  a 
gentle  heat  ;  it  is  very  combuflible  ;  it  burns  with¬ 
out  producing  foot  ;  and  its  flame  is  vivid  and 
bluifh. 

From  what  has  been  faid  of  the  union  of  the  Acid 
of  Sea-Salt  with  a  fixed  Alkali,  and  of  the  neutral  fait 
refulting  therefrom,  it  may  be  concluded  that  this 
neutral  fait  is  no  other  than  the  common  kitchen-falt. 
But  it  muff  be  obferved  that  the  fixed  Alkali,  which 
is  the  natural  bails  of  the  common  fait  obtained 
from  fea-water,  is  of  a  fort  fomewhat  differing  from 
fixed  Alkalis  in  general,  and  hath  certain  properties 
peculiar  to  itfelf.  For, 
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1.  The  bafis  of  Sea-Salt  differs  from  other  fixed 
Alkalis  in  this,  that  it  cryftallizes  like  a  neutral  fait. 

2.  It  does  not  grow  modi  in  the  air  :  on  the  con¬ 
trary,  when  expoled  to  the  air,  it  lofes  part  of  the 
water  that  united  with  it  in  crystallization,  by  which 
means  its  cryftals  lofe  their  tranfparency,  become, 
as  it  were,  mealy,  and  fall  into  a  fine  flour. 

3.  When  combined  with  the  vitriolic  Acid  to 
the  point  of  faturation,  it  forms  a  neutral  fait  dif¬ 
fering  from  vitriolated  tartar,  firft,  in  the  figure  of 
its  cryflals,  which  are  oblong  fix-fided  folids  ;  fe- 
condly,  in  its  quantity  of  water,  which  in  cryftalli¬ 
zation  unites  therewith  in  a  much  greater  proportion 
than  with  vitriolated  tartar  ;  whence  it  follows,  that 
this  fait  diffolves  in  water  more  readily  than  vi¬ 
triolated  tartar  ;  thirdly,  in  that  it  flows  with  a 
very  moderate  degree  of  heat,  whereas  vitriolated 
tartar  requires  a  very  fierce  one. 

If  the  Acid  of  Sea- Salt  be  feparated  from  its  ba¬ 
fis  by  means  of  the  vitriolic  Acid,  it  isneafy  to  fee 
that,  when  the  operation  is  finished,  the  fait  we 
have  been  fpeaking  of  muft  be  the  refult.  A  fa¬ 
mous  Chymift,  named  Glauber,  was  the  firft  who 
extradted  the  Spirit  of  Salt  in  this  manner,  examined 
the  neutral  fait  refulting  from  his  procefs,  and, 
finding  it  to  have  fome  Singular  properties,  called  it 
his  Sal  mirabile ,  or  wonderful  Salt  :  on  this  account 
it  is  ftiil  called  Glauber’s  Sal  mirabile 3  or  plainly 
Glauber's  Salt. 

4.  When  the  bafts  of  Sea- Salt  is  combined  with 
the  nitrous  Acid  to  the  point  of  faturation,  there 
refaits  a  neutral  fait,  or  a  fort  of  nitre,  differing  from 
the  common  nitre,  firft,  in  that  it  attracts  the  moi- 
fture  of  the  air  pretty  ftrongly  ;  and  this  makes  it 
difficult  to  cryftallize  :  fecondly,  in  the  figure  of  its 
cryftals,  which  are  parallelopipeds  ;  and  this  has 
procured  it  the  name  of  Quadrangular  Nitre. 

D  z  Common 
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Common  fait,  or  the  neutral  fait  formed  by  com¬ 
bining  the  Marine  Add  with  this  particular  fort 
of  fixed  Alkali,  has  a  tafte  well  known  to  every  bo¬ 
dy.  The  figure  of  its  cryftals  is  exadtly  cubical.  It 
grows  moift  in  the  air,  and,  when  expo  fed  to  the 
fire,  it  hurfts,  before  it  melts,  into  many  little  frag¬ 
ments,  with  a  crackling  noife  j  which  is  called  the 
Decrepitation  of  Sea- Salt. 

That  neutral  fait  mentioned  above,  which  is 
formed  by  combining  the  Marine  Acid  with  a  com¬ 
mon  fixed  Alkali,  and  called  Sal  febrifugum  Syfoii , 
hath  alfo  this  property. 

India  fumifhes  us  with  a  faline  fubftance,  known 
by  the  name  of  Borax ,  which  flows  very  eafily,  and 
then  takes  the  form  of  glafs.  It  is  of  great  ufe  in 
facilitating  the  foflon  of  metallic  fubftances.  It  pof- 
feJTes  feme  of  the  properties  of  fixed  Alkalis,  which 
has  induced  certain  Chymifts  to  reprefent  it,  through 
miftake,  as  apure  fixed  Alkali. 

By  mixing  borax  with  the  vitriolic  Acid,  Mr. 
Homberg  obtained  from  it  a  fait,  which  fublimes  in 
a  certain  degree  of  heat,  whenever  fuch  a  mixture  is 
made.  This  fait  has  very  Angular  properties  -,  but  its 
nature  is  not  yet  thoroughly  underhood.  It  diffolves 
in  water  with  great  difficulty  ;  it  is  not  volatile, 
though  it  rifes  by  iublimation  from  the  borax.  Ac¬ 
cording  to  Mr.  Rouelle’s  obfervation,  it  rifes  then 
only  by  means  of  the  water  which  carries  it  up  :  for 
when  once  made  it  abides  the  fierceft  fire,  flows  and 
vitrifies  juft  as  borax  does  j  provided  care  be  taken 
to  free  it  previoufty  from  moifture  by  drying  it  pro¬ 
perly.  Mr.  Homberg  called  it  Sedative  Salt ,  on  ac¬ 
count  of  its  medical  effedts.  The  fedative  fait  hath 
the  appearance,  and  feme  of  the  properties,  of  a  neu¬ 
tral  fait  ;  for ‘it  (hoots  into  cryftals,  and  does  not 
change  the  colour  of  violets  :  but  it  adts  the  part 
of  an  Acid  with  regard  to  Alkalis,  uniting  with 
them  to  the  point  of  faturation,  and  thereby  form- 


T  H  E  O  R  Y  cf  C  H  Y  M  I  S  T  R  v.  3  y 

ing  a  true  neutral  fait.  It  alfo  ads,  like  the  Acid  of 
vitriol  on  all  neutral  faits  ;  that  is,  it  difcharges  the 
Acid  of  fuch  as  have  not  the  vitriolic  Acid  in  their 
compofition. 

Since  Mr.  Romberg’s  time  it  hath  been  difcover- 
ed  that  a  fedative  fait  may  be  made  either  with  the 
nitrous  or  with  the  marine  Acid;  and  that  fublima- 
tion  is  not  necefiary  to  extrad  it  from  the  borax, 
but  that  it  may  be  obtained  by  cry  Utilization  only. 
For  this  latter  difcovery  we  are  indebted  to  Mr. 
Geoffroy,  as  we  are  to  Mr.  Lemery  for  the  former. 

Since  that  time  M.  Baron  d5  Henouville,  an  able 
Chymift,  hath  fhewn  that  a  fedative  fait  may  be 
obtained  by  the  means  of  vegetable  Acids  ;  and 
hath  lately  demonftrated,  in  fome  excellent  papers 
publifhed  in  the  colledion  of  Memoirs  written  by 
the  correfpondents  of  the  Academy  of  Sciences, 
that  the  fedative  fait  exifts  actually  and  perfedly  in 
the  borax,  and  that  it  is  not  produced  by  mixing 
Acids  with  that  faline  fubftance,  as  it  feems  all  the 
Chymifts  before  him  imagined.  This  he  proves 
convincingly  from  his  analyfis  of  borax,  (which  * 
thereby  appears  to  be  nothing  elfe  but  the  fedative 
fait  united  with  that  fixed  Alkali  which  is  the  bafis  of 
Sea- Salt)  and  from  his  regenerating  the  fame  borax  by 
uniting  together  that  Alkali  and  the  fedative  fait  :  a 
proof  the  moft  complete  that  can  poffibly  be  produ¬ 
ced  in  natural  philofophy,  and  equivalent  to  demon- 
ftration  itfelf. 

In  order  to  finifh  what  remains  to  be  faid  upon 
the  feveral  forts  of  faline  fubftances,  we  fhould  now 
fpeak  of  the  Acids  obtained  from  vegetables  and  ani¬ 
mals,  and  alfo  of  the  volatile  Alkalis:  but,  feeing 
thefe  ialine  fubftances  differ  from  thofe  of  which  we 
have  already  treated,  only  as  they  are  varioufly  alter¬ 
ed  by  the  unions  they  have  contracted  with  certain 
principles  ol  vegetables  and  animals,  of  which  no- 
thing  has  been  yet  faid,  it  is  proper  to  defer  being 
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particular  concerning  them,  till  we  have  explained 
thole  principles. 
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AK  Y  fubflance  whatever,  that  has  been  roafted 
a  confiderable  time  in  a  ftrong  fire  without 
melting,  is  commonly  called  a  Calx.  Stories  and 
metals  are  the  principal  iubjedts  that  have  the  pro¬ 
perty  of  being  converted  into  Calces .  We  fhall 

treat  of  IVletalline  Calces  in  a  fubfequent  chapter, 
and  in  this  confine  ourfelves  to  the  Calx  of  Stone, 

known  by  the  name  of  Lime. 

In  treating  of  earths  in  general  we  obferved  that 
they  may  be  divided  into  two  principal  kinds  ;  one 
of  which  actually  and  properly  flows  when  expofed 
to  the  adlion  of  fire,  and  turns  to  g^ais  ;  whence  it 
is  called  a  fufible  or  vitrifiable  earth  ;  the  other  re¬ 
fills  the  utmoft  force  of  fire,  and  is  therefore  faid  to 
be  an  unfuftble  or  unvitrifiable  earth.  The  latter  is 
alfo  not  uncommonly  called  calcinable  earth  ;  though 
fundry  forts  of  uiifufible  earths  are  incapable  of  ac¬ 
quiring  by  the  adlion  of  Are  all  the  qualities  of  cal- 
cined  earth,  or  Lime  properly  fo  called  :  fuch  earths 
are  particularly  diflinguifhed  by  the  denomination 
of  refractory  earths . 

As  the  different  forts  of  ftones  are  nothing  more 
than  compounds  of  different  earths,  they  have  the 
fame  properties  with  the  earths  of  which  they  are 
compofed,  and  may,  like  them,  be  divided  into  fu¬ 
fible  or  verifiable,  and  unfufible  or  calcinable.  The 
fufible  ftones  are  generally  denoted  by  the  name  of 
Flints  ;  the  calcinable  ftones,  again,  are  the  feveral 
forts  of  marbles,  cretaceous  ftones,  thofe  commonly 

called 
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called  free-fiones,  (Sc.  fome  of  which,  as  they  make 
the  belt  Lime,  are,  by  way  of  eminence,  called 
Lime-ftones .  Sea-fhells  alfo,  and  fiones  that  abound 
with  fofiile  fiiells,  are  capable  of  being  burnt  to 
Lime. 

All  thefe  fubftances,  being  expofed,  for  a  longer 
or  fhorter  time,  as  the  nature  of  each  requires,  to 
the  violent  action  of  fire,  are  faid  to  be  calcined .  By 
calcination  they  lofe  a  confiderable  part  of  their 
weight,  acquire  a  white  colour,  and  become  friable, 
though  ever  fo  folid  before  ;  as,  for  infiance,  the 
very  hardeft  marbles.  Thefe  fubftances,  when  thus 
calcined,  take  the  name  of  Quick  Lime. 

Water  penetrates  Quick  Lime,  and  rufhes  into  it 
with  vaft  activity.  If  a  lump  of  newly  calcined  Lime 
be  thrown  into  water,  it  infiantly  excites  almoft  as 
great  a  noife,  ebullition,  and  fmoke,  as  would  be 
produced  by  a  piece  of  red-hot  iron  ;  with  fuch  a 
degree  of  heat  too,  that,  if  the  Lime  be  in  due  pro¬ 
portion  to  the  water,  it  will  fet  fire  to  combuftible 
bodies  ;  as  hath  unfortunately  happened  to  veffels 
laden  with  Quick  Lime,  on  their  l'pringinn  a  final! 
leak. 

As  foon  as  Quick  Lime  is  put  into  water,  it 
fwelis,  and  falls  afunder  into  an  infinite  number  of 
minute  particles:  in  a  word,  it  is  in  a  manner  dilTol- 
ved  by  the  water,  which  forms  therewith  a  fort  of 
white  pafte  called  Slacked  Lime . 

If  the  quantity  of  water  be  confiderable  enough 
for  the  Lime  to  form  with  it  a  white  liquor,  this 
liquor  is  called  Lac  Calcis  \  which,  being  left  fome 
time  to  fettle,  grows  clear  and  tranfparent,  the  Lime 
which  was  fufpended  therein,  and  occafioned  its  opa¬ 
city,  fubfiding  to  the  bottom  of  the  vdfel.  Then 
there  forms  on  the  furface  of  the  liquor  a  cryfialline 
pellicle,  fomewhat  opaque  and  dark  coloured,  which 
being  fkimmed  off  is  reproduced  from  time  to  time. 
This  matter  is  called  Cremor  Calcis . 

D  4 
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Slacked  Lime  gradually  grows  dry,  and  takes  the 
form  of  a  folid  body,  but  full  of  cracks  and  deflitute 
of  firmnefs.  The  event  is  different  when  you  mix 
it  up,  while  yet  a  pafte,  with  a  certain  quantity  of 
uncalçined  (tony  matter,  fuch  as  fand  for  example  : 
then  it  takes  the  name  of  Mortar ,  and  gradually  ac¬ 
quires,  as  it  grows  drier  and  older,  a  hardnefs  equal 
to  that  of  the  beft  hones.  This  is  a  very  Angular 
property  of  Lime,  nor  is  it  eafy  to  account  for  it  : 
but  it  is  a  beneficial  one  ;  for  every  body  knows  the 
life  of  mortar  in  building. 

Quick  Lime  attracts  the  moiflure  of  the  air,  in 
the  fame  manner  as  concentrated  acids,  and  dry  fixed 
alkalis  -,  but  not  in  fuch  quantities  as  to  render  it 
fluid  :  it  only  falls  into  extremely  fmall  particles, 
takes  the  form  of  a  fine  powder,  and  the  title  of 
Lime  flacked  in  the  air . 

Lime  once  flacked,  however  dry  it  may  after¬ 
wards  appear,  always  retains  a  large  portion  of  the 
water  it  had  imbibed  ;  which  cannot  be  feparated 
from  it  again  but  by  means  of  a  violent  calcination. 
Being  fo  recalcined  it  returns  to  be  Quick  Lime, 
recovering  all  its  properties. 

Befides  this  great  affinity  of  Quick  Lime  with  wa¬ 
ter,  which  difcovers  a  fali.ne  character,  it  has  lèverai 
other  faline  properties,  to  be  afterwards  examined, 
much  refembling  thofe  of  fixed  alkalis.  In  Chy- 
miftry  it  ads  very  nearly  as  thofe  faits  do,  and 
may  be  confidered  as  holding  the  middle  rank  be¬ 
tween  a  pure  abforbent  earth  and  a  fixed  alkali  :  and 
this  hath  induced  many  Chymifts  to  think  that 
Lime  contains  a  true  fait,  to  which  all  the  proper¬ 
ties  it  poflèfies  in  common  with  faits  may  be  attri¬ 
buted, 

But  as  the  chymical  examination  of  this  fubjed 
fiath  long  been  negleded,  the  exiftence  of  a 
faline  fubftance  in  Lime  hath  been  long  doubt¬ 
ful.  Mr.  du  Fay,  author  of  fome  excellent  chy¬ 
mical 
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mical  experiments,  was  one  of  the  firft  who  ob¬ 
tained  a  fait  from  Lime,  by  lixiviating  it  with  a 
great  deal  of  water,  which  he  afterwards  evaporated. 
But  the  quantity  of  fait  he  obtained  by  that  means 
was  very  lmall  -,  nor  was  it  of  an  alkaline  nature,  as 
one  would  think  it  fhould  have  been,  confidering 
the  properties  of  Lime.  Mr.  du  Fay  did  not  carry 
his  experiments  on  this  fubjeft  any  further,  probably 
for  want  of  time  -,  nor  did  he  determine  of  what 
nature  the  fait  was. 

Mr.  Malouin  had  the  curiofity  to  examine  this 
fait  of  Lime,  and  foon  found  that  it  was  nothing  elfe 
but  what  was  above  called  Crefnor  Calcis.  He  found 
moreover,  that,  by  mixing  a  fixed  alkali  with  Lime- 
water,  a  vitriolated  tartar  was  formed  ;  that,  by 
mixing  therewith  an  alkali  like  the  bafis  of  fea  fait, 
a  Glauber's  fait  was  produced  *,  and  laftly,  by  com¬ 
bining  Lime  with  a  fubfeance  abounding  m  phlo- 
gifcon  he  obtained  a  true  fulphur.  Thefe  very  in¬ 
genious  experiments  prove  to  a  demonftration  that 
the  vitriolic  acid  conftitutes  the  fait  of  Lime  :  for, 
as  hath  been  fhewn,  no  other  acid  is  capable  of 
forming  fuch  combinations.  On  the  other  hand, 
Mr.  Malouin,  having  forced  the  vitriolic  acid  of 
this  fait  to  combine  with  a  phlogifton,  found  its  ba¬ 
fis  to  be  earthy,  and  analogous  to  that  of  the  fele^ 
nites  :  whence  he  concluded  that  the  fait  of  Lime 
is  a  true  neutral  fait,  of  the  fame  kind  as  the  fele- 
nites.  Mr.  Malouin  tells  us  he  found  lèverai  other 
faits  in  Lime.  But  as  none  of  them  was  a  fixed 
alkali,  and  as  all  the  faline  properties  of  Lime  have 
an  affinity  with  thofe  of  that  kind  of  fait,  there  is 
great  reafon  to  think  that  all  thofe  faits  are  foreign 
to  Lime,  and  that  their  union  with  it  is  merely  acci¬ 
dental. 

I  myfelf  have  made  feveral  experiments  in  order 
to  get  feme  infight  into  the  faline  nature  of  Lime, 

and 
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and  fhall-  here  produce  the  refait  with  al!  poffible 
concifenefs.  1  took  feverai  hones  of  different 
kinds,  fame  of  which  produced  by  calcination  a 
very  ftrong  l  ame,  and  others  but  a  very  weak  one* 
Thefe  I  impregnated  with  different  faline  fubhances, 
acids,  alkalis  and  neutrals,  and  then  expofed  them 
all  to  the  fame  degree  of  fire,  which  was  a  pretty 
krong  one,  and  long  enough  continued  to  have 
made  very  good  Lime  of  hones  the  moft  difficult  to 
calcine.  The  confequence  was,  that,  in  the  firft 
place,  thole  hones  which  naturally  made  but  a  weak 
lame  were  not  by  this  procefs  converted  into  a 
hronger  Lime  ;  and,  moreover,  that  none  of  thefe 
hones,  even  fuch  as  would  naturally  have  produced 
the  moh  adhve  Lime,  had  acquired  the  properties  of 
Lime.  Thefe  experiments  1  varied  many  ways, 
employing  different  proportions  of  faline  matters,  and 
almoh  every  poifible  degree  offre,  and  conhantly  ob- 
ferved,  after  calcination,  that  all  thofe  hones  were 
fo  much  the  further  from  the  nature  of  Lime,  as 
they  had  been  combined  with  larger  dofes  of  faits. 
Among  thofe  which  were  impregnated  with  the 
greateh  proportion  of  faits,  and  had  fuffered  the 
greateh  violence  of  fire,  I  obferved  fome  that  had 
begun  to  flow,  and  were  in  a  manner  vitrified. 
Now  as  the  fame  fubjech  cannot  be,  at  one  and  the 
fame  time,  in  the  hate  of  glafs  and  of  Lime  too  ; 
as  a  body  cannot  approach  to  one  of  thefe  hates  but 
in  proportion  as  it  recedes  from  the  other  ;  and  as 
faits  in  general  difpofe  thofe  bodies  to  fufion  and 
vitrification  which  are  in  themfelves  the  moh  averfe 
to  either,  I  concluded  from  my  experiments,  that 
the  aline  fubhances  1  ufed  had,  by  aching  as  fluxes 
upon  the  hones,  prevented  their  calcination  ;  that 
confequently  we  may  fufped  there  is  no  faline 
matter  in  the  compohtion  of  Lime,  as  Lime;  and 
that  Lime  does  not  owe  its  faline  and  alkaline  pro¬ 
perties 
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perries  to  any  fait  ;  or  at  leaft  that  if  it  does  owe 
thofe  properties  to  a  fait,  fnch  fait  muft  be  na¬ 
turally  and  originally  combined  with  the  matter  of 
the  (lone  in  fo  juft  a  proportion,  that  it  is  impoftible 
to  increafe  the  quantity  thereof  without  prejudicing 
the  Lime,  and  depriving  it  in  fome  meafure  of  its 
virtue.  This  theory  agrees  perfectly  with  the  il- 
luftrious  Stahl’s  opinion  ;  for  he  thinks,  as  we  ob~ 
ferved  in  difcourfing  of  Salts  in  general,  that  every 
faline  fubftance  is  but  an  earth  combined  in  a  cer- 
tain  manner  with  water.  This  notion  he  applies  to 
Lime,  and  fays  that  fire  only  fubtilizes  and  attenuates 
the  earthy  matter,  and  thereby  renders  it  capable  of 
uniting  with  water  in  fuch  a  manner,  that  the  refult 
of  their  combination  ftiall  be  a  fubftance  having 
faline  properties  ;  and  that  Lime  accordingly  never 
acquires  thefe  properties  till  it  be  combined  with 
water. 

I  have  dwelt  longer  on  the  Salt  of  Lime  than  I 
ftiall  on  any  other  particular  ;  becaufe  the  fubjedft, 
though  in  itfelf  of  great  importance,  has  hitherto 
been  but  little  attended  to,  and  becaufe  the  expe¬ 
riments  here  recited  are  entirely  new. 

Lime  unites  with  all  acids,  and  in  conjundtion . 
with  them  exhibits  various  phenomena. 

The  vitriolic  acid  poured  upon  Lime  diffolves  it 
with  effervefcence  and  heat.  From  this  mixture 
there  exhales  a  great  quantity  of  vapours,  in  fmell 
and  colour  perfectly  like  thofe  of  fea-falt  ;  from 
which  however  they  are  found  to  be  very  different 
when  collected  into  a  liquor.  From  this  combination 
of  the  vitriolic  acid  with  Lime  arifes  a  neutral 
fait,  which  fhoots  into  cryftals,  and  is  of  the  fame 
kind  with  the  feîenitic  fait  obtained  from  Lime  by 
Mr.  Malouin. 

The  nitrous  acid  poured  upon  Lime  diffolves  it 
in  like  manner  with  effervefcence  and  heat  :  but  the 
folution  is  tranfparent,  and  therein  differs  from  the 

former. 
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former,  which  is  opaque.  From  this  mixture  there 
arifes  a  neutral  fait,  which  does  not  cryftallize,  and 
has  withal  the  very  lingular  property  of  being  vola¬ 
tile,  and  riling  wholly  by  oJrbilation  in  a  liquid 
form.  This  phenomenon  is  lb  much  the  more  re¬ 
markable,  as  Finie,  the  bails  of  this  fait,  is  one 
oi  the  moil  fixed  bodies  known  in  Chymiftry. 

"Witn  trie  acid  of  fea-falt  Lime  forms  alfo  a 


lingular  fort  of  fait,  which  greedily  imbibes  the 
moifture  of  the  air.  We  fhall  have  occafion  to  take 
further  notice  of  it  in  another  place. 

Thefe  experiments  made  on  Lime  with  acids 
are  like  wife  quite  new".  We  are  indebted  for  them 
to  Mr.  Iju  Hamel  of  the  Academy  of  Scie  nces, 
whole  admirable  iviemoirs  on  lèverai  i  objects  fhew 
his  extenfive  knowledge  in  all  parts  of  Natural 

*1  r  i  * 

hy. 


Lime  applied  to  fixed  alkalis  adds  confiderably 
to  tneir  cauftic  quality,  and  makes  them  more  penc¬ 
il  citing  and  active.  An  alkaline  lixivium  in  which 
Lime  hath  been  boiled,  being  evaporated  to  dry  nefs, 
forms  a  very  cauftic  fiibftance,  which  flows  in  the 
lire  much  more  eafily,  attracts  and  retains  moifture 
Jiiucn  more  firongly,  than  fixed  alkalis  that  have 
not  been  fo  treated.  An  alkali  thus  acuated  by 
Lime  is  called  the  Cauftic  Stone ,  or  Potential  Cautery  % 
becaufe  it  is  employed  by  forgeons  to  produce  efehars 
on  the  ftdn  and  cauterize  it. 


i 
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CHAP.  VI. 

Of  Metallic  Subflances  in  general . 

ETALLIC  Subflances  are  heavy,  glit¬ 
tering,  opaque,  fufible  bodies.  They  con- 
fill  chiefly  of  a  vitrifiable  earth  united  with  the 
phlogiflon. 

Several  Chymifrs  infill  on  a  third  principle  in 
thefe  bodies,  and  have  given  it  the  name  of  Mer¬ 
curial  earth  ;  which,  according  to  Becher  and  Stahl, 
is  the  very  fame  that  being  combined  with  the  vitrio¬ 
lic  acid  forms  and  characterizes  the  add  of  fea 
fait.  The  exiftence  of  this  principle  hath  not  yet 
been  demonflrated  by  any  decifive  experiment  ;  but 
we  fhall  fhew  that  there  are  pretty  flrong  reafons  for 
admitting  it. 

We  fhall  begin  with  mentioning  the  experiments 
which  prove  Metallic  Subflances  to  confifl  of  a 
vitrifiable  earth  united  with  the  phlogiflon.  The 
firfl  is  this  :  if  they  be  calcined  in  fuch  a  manner  as 
to  have  no  communication  with  any  inflammable 
matter,  they  will  be  fpoiied  of  all  their  properties, 
and  reduced  to  an  earth  or  calx,  that  has  neither 
the  fplendour  nor  the  ductility  of  a  metal,  and  in  a 
flrong  fire  turns  to  an  adlual  glafs,  inflead  of  flowing 
like  a  metal. 

The  fécond  is,  that  the  calx  or  the  glafs  refulting 
from  a  metal  thus  decompofed,  recovers  all  its  me¬ 
talline  properties  by  being  fufed  in  immediate  con¬ 
tact  with  an  inflammable  fubflance,  capable  of  re- 
floring  the  phlogiflon  of  which  calcination  had  de¬ 
prived  it. 

On  this  occanon  we  mufl  obferve  that  Chymifls 
have  not  yet  been  able,  by  adding  the  Phlogiflon,  to 

give 
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give  the  properties  of  metals  to  all  forts  of  verifiable 
earths  indifcriminately  ;  but  to  fuch  only  as  originally 
made  a  part  of  feme  metallic  body.  For  example, 
a  compound  cannot  be  made  with  the  phlogifton 
and  land  that  fhall  have  the  leaft  refemblance  of  a 
metal  :  and  this  is  what  feems  to  point  out  the  reality 
of  a  third  principle,  as  neceflary  to  form  the  metal  ¬ 
line  combination.  This  principle  may  probably 
remain  united  with  the  vitrifiable  earth  of  a  metallic 
fubftance,  when  reduced  to  a  glafs  -,  whence  it  fol¬ 
lows,  that  fuch  vitrified  metals  require  only  the  ad¬ 
dition  of  a  phlogifton  to  enable  them  to  appear 
again  in  their  priftine  form. 

It  may  be  inferred  from  another  experiment,  that 
the  calx  and  the  glafs  of  a  metal  are  not  its  pure 
vitrifiable  earth,  properly  fo  called  :  for  by  repeated 
or  long  continued  calcinations,  fuch  a  calx  or  glafs 
may  be  rendered  incapable  of  ever  refuming  the 
metalline  form,  in  whatever  manner  the  phlogifton 
be  afterwards  applied  to  it  ;  fo  that  by  this  means  it 
is  brought  into  the  condition  of  a  pure  vitrifiable 
earth,  abfolutely  free  from  any  mixture.  Thofe 
Chymifts  who  patronife  the  Mercurial  earth,  [pro¬ 
duce  many  other  proofs  of  the  exiftence  of  that 
principle  in  metallic  fubftances  ;  but  they  would  be 
mifplaced  in  an  elementary  treatife  like  this. 

When  by  adding  the  phlogifton  to  a  metallic 
glafs  we  reftore  it  to  the  form  of  a  metal,  we  are 
laid  to  reduce ,  refufeitate ,  or  revivify  that  metal. 

Metallic  fubftances  are  of  different  kinds,  and  are 
divided  into  Metals  and  Semi-metals. 

Thofe  are  called  Metals  which,  befides  their 
metalline  fplendour  and  appearance,  are  alfo  mal¬ 
leable  -,  that  is,  have  the  property  of  ftretching  under 
the  hammer,  and  by  that  means  of  being  wrought 
Into  different  forms  without  breaking. 


Thofe 
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Thofe  which  have  only  the  metalline  fplendour 
and  appearance,  without  malleability,  are  called 
Semi-metals. 

Metals  alio  are  further  fubdivided  into  two  forts  ; 
viz.  Perfect  and  Imperfect  Metals. 

The  Perfect  Metals  are  thofe  which  fuffer  no 
damage  or  change  whatever  by  the  molt  violent  and 
moll  lading  adion  of  fire. 

The  Imperfedt  Metals  are  thofe  which  by  the 
force  of  fire  may  be  deprived  of  their  phlogidon, 
and  confequently  of  their  metalline  form. 

When  a  moderate  degree  of  fire  only  is  employed 
to  deprive  a  Metal  of  its  phlogidon,  the  metal  is 
faid  to  be  calcined  ;  and  then  it  appears  in  the  form 
of  a  powdered  earth,  which  is  called  a  Calx  :  and 
this  metalline  calx  being  expofed  to  a  more  violent 
degree  of  fire  melts  and  turns  to  glafs. 

Metallic|Subdances  have  an  affinity  with  acids  ; 
but  not  equally  with  all  ;  that  is,  every  Metallic 
Subfhmce  is  not  capable  of  uniting  and  joining  with 
every  acid. 

When  an  acid  unites  with  a  Metallic  Subdance 
there  commonly  arifes  an  ebullition,  attended  with  a 
kind  of  hiding  noife  and  fuming  exhalations.  By 
degrees,  as  the  union  becomes  more  perfedf,  the 
particles  of  the  metal  combining  with  the  acid  be¬ 
come  invifible  :  this  is  termed  Dijfolution  ;  and  when 
a  metalline  mafs  thus  difappears  in  an  acid,  the 
metal  is  faid  to  be  dijjolved  by  that  acid.  It  is 
proper  to  obferve  that  acids  a 61  upon  metalline 
fubdances,  in  one  refpedt,  jud  as  they  do  upon 
alkalis  and  abforbent  earths  :  for  an  acid  cannot 
take  up  above  fuch  a  certain  proportion  thereof  as  is 
fufficient  to  faturate  it,  to  dedroy  feveral  of  its  pro¬ 
perties,  and  weaken  others.  For  example,  when 
an  acid  is  combined  with  a  metal  to  the  point  of 
faturation,  it  lofes  its  rade,  does  not  turn  the  blue 
colour  of  a  vegetable  red,  and  its  affinity  with  water 

is 
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is  confiderably  impaired.  On  the  other  hand.  Me¬ 
talline  Subftances,  which  when  pure  are  incapable 
of  uniting  with  water,  by  being  joined  with  an 
acid  acquire  the  property  of  di Solving  in  water. 
Thefe  combinations  of  Metalline  Subftances  with 
acids  form  different  forts  of  neutral  faits  ;  fome  of 
which  have  the  property  of  (hooting  into  cryftals, 
while  others  have  it  not  :  moil  of  them,  when 
thoroughly  dried,  attract  the  moiflure  of  the  air. 

The  affinity  which  Metalline  Subftances  have 
with  acids  is  lefs  than  that  which  abforbent  earths 
and  fixed  alkalis  have  with  the  fame  acids  :  fo  that 
all  metalline  faits  may  be  decompounded  by  one  of 
thefe  fubftances,  which  will  unite  with  the  acid, 
and  precipitate  the  metal. 

Metalline  Subftances  thus  feparated  from  an 
acid  folvent  are  called  Magifteries ,  and  Precipitates , 
of  metals.  None  of  thefe  precipitates,  except 
thofe  of  the  perfect  metals,  retain  the  metalline 
form  :  moft  of  their  phlogifton  hath  been  deftroy- 
cd  by  the  folution  and  precipitation,  and  muft  be  re- 
flored  before  they  can  recover  their  properties.  Irt 
fliort,  they  are  nearly  in  the  fame  date  with  metal¬ 
line  fubftances  deprived  of  their  phlogifton  by  cal¬ 
cination  ;  and  accordingly  fuch  a  precipitate  is  called 
a  Calx. 

A  metalline  calx  prepared  in  this  manner  lofes 
a  greater  or  a  lefs  portion  of  its  phlogifton,  the 
more  or  lefs  effectually  and  thoroughly  the  metalline 
fubftance,  of  which  it  made  a  part,  was  diffolved 
by  the  acid. 

Metallic  Subftances  have  affinities  with  each  other 
which  differ  according  to  their  different  kinds  :  but 
this  is  not  univerfal ,  for  fome  of  them  are  incapable 
of  any  fort  of  union  with  fome  others. 

It  muff  be  obferved  that  Metallic  Subftances  will 
not  unite,  except  they  be  both  in  a  fimilar  (late  ;  that 
is,  both  in  a  Metalline  form,  or  both  in  the  form 
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of  a'Glafs;  for  a  metalline  fubftance  retaining  its 
phlogifton  cannot  contradl  an  union  with  any& me¬ 
tallic  glals,  even  its  own. 


CHAP.  VIII. 

Of  Metals. 

Î  El  E  RE  are  fix  Metals,  of  which  two  are 
JL  Perfe6l  and  four  Imperfed.  The  perfed 
Metals  are  Gold  and  Silver;  the  others  are  Copper, 
Tin,  Lead,  and  Iron.  Some  Chymifts  admit  a 
feventh  Metal,  to  wit,  Quick-filver  :  but  as  it  is  not 
malleable,  it  has  been  generally  confidered  as  a 
metallic  body  of  a  particular  kind.  We  fhall  foon 
have  occafion  to  examine  it  more  minutely. 

f  The  ancient  Chymifts,  or  rather  the  Alchymifts, 
wno  fancied  a  certain  relation  or  analogy  between 
Metals  and  the  Heavenly  Bodies,  bellowed  on  the 
feven  Metals,  reckoning  Quick-filver  one  of  them, 
the  names  of  the  feven  Planets  of  the  Ancients,  ac¬ 
cording  to  the  a  trinity  which  they  imagined  they  ob- 
ferved  between  thofe  feveral  bodies.  Thus  Gold  was 
caned  Sol,  Siiver  Lund ,  Copper  Venus ,  Tin  fupiten. 
Lead  Saturn,  Iron  Alans,  and  Quick-filver  IVLevcuvy, 
Though  thefe  names  wereaffigned  for  reafons  merely 
chimerical,  yet  they  Hill  keep  their  ground  ;  fo 
that  it  is  not  uncommon  to  find  the  Metals  called  by 
the  names,  and  denoted  by  the  charadters,  of  the 
Planets,  in  the  writings  even  of  the  bell  Chymifts. 
Metals  are  the  heavieft  bodies  known  in  nature. 

§.  I.  Of  G  o  L  D. 

Gold  is  the  heavieft  of  all  Metals.  The  arts 
of  wire-drawing  and  gold- beating  fhew  its  won- 
Vol.  I.  E  °  derful 
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derful  ductility.  The  greated  violence  of  fire  k 
not  able  to  produce  any  alteration  in  it.  Indeed  Mr, 
Homberg,  a  famous  Chymid,  pretended  that  he  had 
made  this  metal  fume,  and  even  vitrified  it,  by  ex- 
pofing  it  to  the  focus  of  one  of  the  belt  burning 
glades,  known  by  the  name  of  the  Lens  of  the 
Palais  Royal  :  but  there  are  very  good  reafons  for 
calling  in  quedion  the  experiments  he  made  on  this 
occafion,  or  rather  for  thinking  that  he  was  quite 
mi  (taken.  For, 

1.  No  man  hath  fince  been  able  to  vitrify  Gold, 
though  feveral  good  Experimenters  have  afiiduoufly 
tried  to  effect  it,  by  expofing  it  to  the  focus  of  the 
fame  lens,  and  of  other  burning-glades  dill  dronger. 

2.  It  hath  been  obferved  that  though  Gold,  when 
expofed  to  the  focus  of  thofe  glaffes,  did  indeed 
emit  fome  vapours  and  decreafe  in  weight  ;  yet  thofe 
vapours  being  carefully  collected  on  a  piece  of  pa¬ 
per,  proved  to  be  true  Gold,  in  no  degree  vitrified, 
and  which  confequently  had  fuffered  no  change  but 
that  of  being  carried  away  by  the  violence  of  the 
heat,  its  nature  not  being  in  the  lead  altered. 

3.  The  fmall  portion  of  vitrified  matter,  which 
was  formed  on  the  arm  that  dipported  the  Gold  in 
Mr.  Romberg’s  experiment,  may  have  come  either 
from  the  arm  itfelf,  or  rather  from  fome  heteroge¬ 
neous  particles  contained  in  the  Gold  ;  for  it  is  al- 
mod  impofiible  to  have  it  perfectly  pure. 

4.  Neither  Mr.  Romberg,  nor  any  that  have  re¬ 
peated  his  experiment,  ever  reduced  this  pretended 
glafs  of  Gold  by  redoring  its  phlogidon,  as  is  done 
with  other  metallic  glades. 

5.  To  render  the  experiment  decifive,  the  whole 
mafs  of  Gold  employed  ought  to  have  been  vitrified  j 
which  was  not  the  cafe. 

Neverthelefs  I  do  not  pretend  that  this  metal  is 
in  its  own  nature  abfolutely  indedrudrible,  and  un- 

•  '  ^  vitrifiable  ; 
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vltrifiable  :  but  there  is  reafon  to  think  that  no  body 
hath  hitherto  found  the  means  of  producing  thoie 
effedls  on  it,  probably  for  want  of  a  fufficient  degree 
t>f  fire  •  at  lead  the  point  is  very  doubtful. 

.  Gold  cannot  be  diffolved  by  any  pure  acid  :  but 
if  the  acid  of  nitre  be  mixed  with  the  acid  of  fea- 
fait,  there  refults  a  compound  acid  liquor,  with 
which  it  has  fo  great  an  affinity  that  it  is  capable 
of  being  perfectly  diffolved  thereby.  The  Chy- 
mills  have  called  this  folvent  Aqua  Regis ,  on  ac¬ 
count  of  its  being  the  only  acid  that  can  diffolve 
Gold,  which  they  conficier  as  the  King  ot  Metals. 
The  folution  of  Gold  is  of  a  beautiful  orange 
colour. 

If  Gold  diffolved  in  aqua  régis  be  precipitated 
by  an  alkali  or  an  abforbent  earth,  the  precipitate 
gently  dried,  and  then  expoled  to  a  certain  degree 
of  heat,  is  inflantly  difperfed  into  the  air,  with 
a  mod  violent  explofion  and  noife  :  Gold  thus 
precipitated  is  therefore  called  Aurum  Fulminans .  But 
if  the  precipitated  Gold  be  carefully  walked  in 
plenty  of  water,  fo  as  to  clear  it  of  ail  the  adhe¬ 
ring  faline  particles,  it  will  not  fulminate  ;  but  may 
be  melted  in  a  crucible  without  any  additament, 
and  Will  then  appear  in  its  ufiial  form.  The  acid  of 
vitriol  being  poured  on  aurum  fulminans  likewile 
deprives  it  of  its  fulminating  quality. 

Gold  does  not  begin  to  flow  till  it  be  red-hot  like 
a  live  coal.  Though  it  be  the  mod  malleable  and 
mod  dudlile  of  all  metals,  it  has  the  Angular 
property  of  lofing  its  dudlility  more  eafily  than  any 
of  them  :  even  the  fumes  of  charcoal  are  fufficient 
to  deprive  it  thereof,  if  they  come  in  contact  with 
iit  while  it  is  in  fuflon. 

The  malleability  of  this  metal,  and  indeed  of  all 
(the  red,  is  alfo  considerably  diminished  by  expo- 
flng  it  Suddenly  to  cold  when  it  is  red-hot  ;  for 
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example,  by  quenching  it  in  water,  or  even  barely 

expofing  it  to  the  cold  air.  __  „ 

The  way  to  reftore  duftility  to  Gold,  when  loi. 
by  its  coming  in  contact  with  the  vapour  of  coals, 
and  in  general  to  every  other  metal  rendered  lels 
malleable  by  being  fuddenly  cooled,  is  to  heat 
them  again,  to  keep  them  red-hot  a  conuderable 
time,  and  then  to  let  them  cool  very  flowly  and 
o-radually:  this  operation  frequently  repeated  will 
by  degrees  much  increafe  the  malleability  or  a 

JYlCtâl 

Pure  fulphur  hath  no  effedt  on  Gold  ;  but  being 
combined  with  an  alkali  into  a  hepar  Juif  souris ,  it 
unites  therewith  very  readily.  Nay,  fo  intimate  is 
their  union,  that  the  Gold  by  means  tnereof  becomes 
foluble  in  water  ;  and  this  new  compound  of  Gold 
and  liver  of  fulphur,  being  diffolved  in  water,  will 
pafs  through  the  pores  of  brown  paper  without  fut- 
ferino*  any  decompofition  ;  which  does  not  happen, 
at  leafb  in  fuch  a  manifed  degree,  to  other  metallic 
fub dances  diffolved  by  liver  of  fulphur.  . 

Aurum  fulminans  mixed  and  melted  with  dower  of 
fulphur  lofes  its  fulminating  quality  which  ariles 
from  hence,  that  on  this  occafion  the  fulphur 
burns,  and  its  acid,  which  is  the  fame  With  the 
vitriolic,  being  thereby  fet  at  lioerty  oecomes 
capable  of  adting  upon  the  Gold  -as  a  vitriolic  acid 
would  ;  which,  as  was  faid  above,  deprives  the 
Gold  of  its  fulminating  quality. 


§.  IÏ.  O/Silve  R. 

Next  to  Gold  Silver  is  the  mod  perfect  metal. 
Like  Gold  it  redds  the  utmod  violence  of  fire,  even 
that  in  the  focus  of  a  burning- glafs.  However  it 
holds  only  the  fécond  place  among  metals  ;  becaufe 
it  is  lighter  than  Gold  by  aîmod  one  half;  is  alfo 
fomewhat  lefs  dudtile  ;  and  ladly,  becaufe  it  is 
adted  upon  by  a  greater  number  of  folvents. 
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Yet  Silver  hath  one  advantage  over  Gold,  namely 
that  of  being  a  little  harder  ;  which  makes  it  alio 
more  fonorous. 

This  metal,  like  Gold,  begins  to  flow  when  it 
is  fo  thoroughly  penetrated  by  the  fire  as  to  appear 
ignited  like  a  live  coal. 

While  this  metal  is  in  fufion,  the  immediate 
contadt  of  the  vapour  of  burning  coals  deprives  it 
almofl  entirely  of  its  malleability,  in  the  fame  man¬ 
ner  as  we  obferved  happens  to  Gold  :  but  both  thefe 
metals  eafily  recover  that  property  by  being  melted 
with  nitre. 

The  nitrons  acid  is  the  true  fervent  of  Silver, 
and  being  fomewhat  dephlegmated  will  very  readily 
and  eafily  take  up  a  quantity  of  Silver  equal  in 
weight  to  itfelf. 

Silver  thus  combined  with  the  nitrous  acid  forms 
a  metallic  fait  which  fhoots  into  cryft-als,  called  by 
the  name  of  Lunar  Cry  ft  als,  or  Cryft  ah  of  Silver. 

Thefe  cryflals  are  moft  violently  cauftic  :  applied 
to  the  fkin  they  quickly  aflfedt  it  much  as  a  live 
coal  would;  they  produce  a  blackifh  efehar,  corrod¬ 
ing  and  entirely  deftroying  the  parts  they  touch. 
Surgeons  ufe  them  to  eat  away  the  proud  fungous 
flefh  of  ulcers.  As  Silver  united  with  the  nitrous 
acid  hath  the  property  of  blackening  all  animal  fub- 
ftances,  a  folution  of  this  metallic  fait  is  employed 
to  die  hair,  or  other  animal  matters,  of  a  beautiful 
and  durable  black. 

Thefe  cryflals  #flow  with  a  very  moderate  heat, 
and  even  before  they  grow  red.  Being  thus  melted 
they  form  a  blackifh  mafs  ;  and  in  this  form  they 
are  ufed  by  Surgeons,  under  the  title  of  Lapis  in- 
f ernalis.  Infernal  Stone ,  or  Silver  Cauftic. 

Silver  is  alfo  difiblved  by  the  vitriolic  acid  :  but 
then  the  acid  mull  be  concentrated,  and  in  quantity 
double  the  weight  of  the  Silver  ;  nor  will  the  folu¬ 
tion  fucceed  without  a  confderable  degree  of  heat. 
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Spirit  of  fait  and  aqua  régis ,  as  well  as  the  other 
acids,  are  incapable  ,of  diffolving  this  metal  ;  at 
lead  in  the  ordinary  way. 

Though  Silver  be  not  foluble  in  the  acid  of  fea- 
falt,  nor  eafily  in  the  add  of  vitriol,  as  hath  juft 
been  obferved,  it  doth  not  follow  that  it  hath  but  a 
weak  affinity  with  the  latter,  and  none  at  all  with 
the  former  :  on  the  contrary,  it  appears  from  ex¬ 
periment  that  it  hath  with  thefe  two  acids  a  much 
greater  affinity  than  with  the  acid  of  nitre  :  which 
is  lingular  enough,  confidering  the  facility  with 
which  this  laid  acid  diflblves  it. 

The  experiment  which  proves  the  fad  is  this. 
To  a  folution  of  Silver  in  the  nitrous  acid  add  the 
acid  either  of  vitriol  or  of  fea-falt,  and  the  Silver 
will  inftandy  quit  its  nitrous  folvent  to  join  with  the 
fuperadded  acid. 

Silver  thus  united  with  the  vitriolic  or  the  marine 
acid  is  lefs  foluble  in  water  than  when  combined 
with  the  nitrous  acid  :  and  for  this  reafon  it  is,  that 
when  either  of  thefe  two  acids  is  added  to  a  folution 
of  Silver,  the  liquor  immediately  becomes  white, 
and  a  precipitate  is  formed,  which  is  no  other  than 
the  Silver  united  with  the  precipitating  acid.  If 
the  precipitation  be  effected  by  the  vitriolic  acid, 
the  precipitate  will  difappear  upon  adding  a  fufficient 
quantity  of  water,  becaufe  there  will  then  be  water 
enough  to  diffolve  it.  But  the  cafe  is  not  the  fame 
when  the  precipitation  is  made  by  the  marine  acid  : 
for  Silver  combined  therewith  is  fcarce  foluble  in 
water. 

This  Precipitate  of  Silver  procured  by  means  of 
the  marine  acid  is  very  eafily  fuled,  and  when 
fuled  changes  to  a  fubftance  in  fome  meaiiire  tran¬ 
sparent  and  flexible  ;  which  hath  occafioned  it  to  be 
called  by  the  name  of  Luna  Cornea.  If  it  be  pro- 
pofed  to  decompound  this  Inna  cornea ,  that  is,  to 
feparate  the  marine  acid  from  the  Silver  with  which 

it 
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It  is  united,  the  lima  cornea  mu  ft  be  melted  along 
with  fatty  and  abforbent  .matters,  with  which  the 
acid  will  unite,  and  leave  the  metal  exceeding  pure. 

It  muft  be  obierved  that  if,  inftead  of  the  marine 
acid,  fea-falt  in  fubftance  be  added  to  a  folution 
of  Silver  in  the  nitrous  acid,  a  Precipitate  is  alfo 
produced,  which  by  fufion  appears  to  be  a  true  luna 
cornea.  The  reafon  is,  that  the  fea-falt  is  decom- 
pofed  by  the  nitrous  acid,  which  feizes  its  bafis, 
as  having  a  greater  affinity  therewith  than  its  own 
acid  hath  ;  and  this  acid  being  confequently  dif- 
engaged  and  fet  at  liberty  unites  with  the  Silver, 
which,  as  has  been  fhewn,  has  a  greater  affinity  with 
it  than  with  the  nitrous  acid.  This  is  an  inftance 
of  decompofition  effedted  by  means  of  one  of  thofe 
double  affinities  mentioned  by  us  in  our  feventh  pro¬ 
portion  concerning  Affinities, 

From  what  hath  been  already  faid  it  is  clear, 
that  all  thefe  combinations  of  Silver  with  acids  may 
be  decompounded  by  abforbent  earths  and  by  fixed 
alkalis  ;  it  being  a  general  law  with  regard  to  all 
metallic  fubftances.  We  fhall  not  therefore  repeat 
this  obfervation  when  we  come  to  treat  of  the  other 
metals  ;  unlefs  fome  particular  occafion  require  it. 

With  règard  to  Silver  I  muft  take  notice  that, 
when  feparated  by  thefe  means  from  the  acids  in 
which  it  was  diffolved,  it  requires  nothing  but 
fimple  fufion  to  reftore  it  to  its  ulual  form  ;  becaufe 
it  does  not,  any  more  than  Gold,  Jofe  its  phlogifton 
by  thofe  folutions  and  precipitations. 

Silver  unites  with  fulphur  in  fufion.  If  this 
metal  be  only  made  red-hot  in  a  crucible,  and 
fulphur  be  then  added,  it  immediately  flows  * 
the  fulphur  adling  as  a  flux  to  it.  Silver  thus 
united  with  fulphur  forms  a  mafs  that  may  be 
cut,  is  half  malleable,  and  hath  nearly  the  colour 
and  confidence  of  Lead.  If  this  fulphurated  Silver 
be  kept  a  long  time  in  fufion,  and  in  a  great  degree 
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of  heat,  the  fulphur  flies  off  and  leaves  the  Silver 
pure*  But  if  the  fulphur  be  evaporated  by  a  vio¬ 
lent  heat,  it  carries  off  with  it  parr  of  the  Silver. 

Silver  unites  and  mixes  perfectly  with  Gold  in 
fiffiom  The  two  metals  thus  mixed  form  a  com¬ 
pound  with  properties  partaking  of  both. 

Metallurgies  have  hitherto  fought  in  vain  for  a 
perfectly  good  and  eafy  method  of  feparating  thefe 
two  metals  by  the  dry  way  only  :  (this  term  is  ufed 
to  fignify  all  operations  performed  by  fufion  :)  but 
they  are  conveniently  enough  parted  by  the  moifi 
way,  that  is,  by  add  folvents.  This  method  is 
founded  on  the  above-mentioned  properties  of  Gold 
and  Silver  with  refped  to  acids.  It  hath  been 
fhewn  that  aqua  régis  only  will  diffolve  Gold  ; 
that  Silver,  on  the  contrary,  is  not  foluble  by  aqua 
régis ,  and  that  its  proper  folvent  is  the  acid^  of 
nitre  :  confequently,  when  Gold  and  Silver  are 
mixed  together,  if  the  compound  mafs  be  put  into 
aqua  fortis ,  this  acid  will  take  up  all  the  Silver, 
without  diffolving  a  particle  of  the  Gold,  which 
will  therefore  remain  pure  *,  and  by  this  means  the 
defired  feparation  is  effeded,  This  method,  which 
is  commonly  made  life  of  by  Goldfmiths  and  in 
Mints,  is  called  the  Parting  AJfay . 

It  is  plain  that  if  aqua  régis  were  employed  in- 
ftead  of  aqua  forth ,  the  feparation  would  be 
equally  effected  ;  and  that  the  only  difference  be¬ 
tween  this  procefs  and  the  former  would  çonfift 
in  this,  that  now  the  Gold  would  be  diffolved,  and 
the  Silver  remain  pure.  But  the  operation  by  aqua 
fortis  is  preferable  ;  becaufe  aqua  régis  does  take 
up  a  little  Silver,  whereas  aqua  fortis  hath  not  the 
leaft  effed  on  Gold. 

It  muff  be  obferved  that  when  Gold  and  Silver 
are  nruxed  togeth  er  in  equal  parts  they  cannot  be 
parted  by  the  means  or  aqua  fortis .  To  enable 
the  aqua  fortis  to  ad  duly  on  the  Silver,  this  metal 
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muftbc,  atleaft,  in  a  triple  proportion  to  the  Gold. 
If  it  be  in  a  Ids  proportion,  you  mud  either  employ 
aqua  régis  to  make  the  reparation,  or,  if  you  prefer 
the  life  of  aqua  fortis ,  melt  the  metalline  mafs, 
and  add  as  much  Silver  as  is  neceffary  to  make  up 
the  proportion  above-mentioned  :  and  hence  this 
Procefs  is  called  Quartation. 

This  effed,  which  is  pretty  fingular,  probably 
arifes  from  hence,  that  when  the  Gold  exceeds  or 
even  equals  the  Silver  in  quantity,  the  parts  of  both 
being  intimately  united,  the  former  are  capable  of 
coating  over  the  latter,  and  covering  them  fo  as  to 
defend  them  from  the  action  of  the  aqua  forth  ; 
which  is  not  the  cafe  when  there  is  thrice  as  much 
Silver  as  Gold. 

There  is  one  thing  more  to  be  taken  notice  of 
with  regard  to  this  procefs  ;  which  is,  that  per¬ 
fectly  pure  aqua  fortis  is  rarely  to  be  met  with, 
for  two  reafons  ;  firft,  it  is  difficult  in  making  it 
wholly  to  prevent  the  riling  of  the  medium  em¬ 
ployed  to  difengage  the  nitrous  add  ;  that  is,  a 
little  of  the  vitriolic  acid  will  mix  with  the  vapours 
of  the  aqua  fortis  :  fecondly,  unlefs  the  falrpetre 
be  very  well  purified  it  will  always  hold  fome  frnali 
portion  of  fea-falt,  the  acid  of  which,  we  know,  is 
very  readily  fet  loofe  by  the  vitriolic  acid,  and  con- 
fequently  riles  together  with  the  vapours  of  the 
aqua  fortis.  It  is  eafy  to  fee  that  aqua  fortis 
mixed  either  with  the  one  or  the  other  is  not  proper 
for  the  Parting  Procefs  ;  becaufe,  as  has  juft  been 
faid,  the  vitriolic  and  the  marine  acid  equally  pre¬ 
cipitate  Silver  diftolved  in  the  nitrous  acid  ;  by 
which  means,  when  they  are  united  with  that  acid 
they  weaken  its  adion  upon  the  Silver,  and  hinder 
the  dilfolution.  Add  that  aqua  fortis  adulterated 
wuth  a  mixture  of  fpirit  of  fait  becomes  an  aqua 
Y?gis?  and  confequemly  is  rendered  capable  of 
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difiolving  Gold,  in  proportion  as  its  adion  upon 
Silver  is  diminiihed. 

In  order  to  remedy  this  inconvenience,  and  free 
aqua  fort  is  from  the  vitriolic  or  marine  acid  with 
which  it  is  tainted,  Silver  mull:  be  dilfolved  there¬ 
in  :  by  degrees  as  the  metal  dilTolves,  thofe  hetero¬ 
geneous  acids  lay  hold  of  it,  and  precipitate  with  it 
in  the  form  of  a  white  powder,  as  we  obferved  be¬ 
fore.  This  precipitate  being  wholly  fallen,  the 
liquor  grows  clear  ;  after  which,  if  it  be  found 
capable  of  dilfolving  more  Silver,  without  turning 
milky,  it  may  be  depended  on  as  a  perfedly  pure 
aqua  forth .  Then  filtre  it,  diffolve  more  Silver 
in  it,  as  long  as  it  will  take  up  any,  and  you  will 
have  a  folution  of  Silver  in  a  very  pure  aqua 
forth.  By  means  of  this  folution  may  other  aqua 
forth  be  purified  :  for  pour  a  few  drops  thereof  into 

v?rX  impure  aqua  fortis ,  and  immediately  the 
vitriolic  or  marine  acid,  with  which  that  aqua 
fortis  is  contaminated,  will  join  the  Silver  and  fall 
therewith  to  the  bottom.  When  the  folution  of 
Silver  prepared  as  above  does  not  in  the  lead:  affect 
tne  tranfparency  of  the  aqua  fortis ,  it  is  then  very 
pure,  and  fit  for  the  purpofes  of  Quartation. 

This  operation  of  purifying  aqua  forth  by  a 
folution  of  Silver  is  called  the  Precipitation  of  aqua 
fortis  ;•  and  aqua  fortis  thus  purified  is  called 
Precipitated  Aqua  Fortis . 

Vf  hen  Silver  is  diiTolved  in  aqua  fortis  it  may 
be  feparated  therefrom,  as  hath  been  {hewn,  by  ab- 
forbent  earths  and  fixed  alkalis, 

^  We  {hall  fee  by  and  by  that  there  are  other  means 
of  efieding  this  :  but  whatever  way  it  be  feparated 
ironi  its  iolvent  it  recovers  its  metalline  form,  as 
Gold  does,  by  being  fimply  fufed  without  any 
additament. 
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§.  III.  Of  Copper. 

Of  all  the  imperfect  metals  Copper  comes  the 
neareft  to  Gold  and  Silver.  Its  natural  colour  is 
a  deep-red  yellow.  It  refills  a  very  violent  degree 
of  fire  for  a  confiderable  time  ;  but  lofing  its  phlo- 
gifton  at  laft,  it  changes  its  metalline  form  for  that 
of  a  calx,  or  a  pure  reddilb  earth.  This  calx  is 
hardly,  if  at  all,  reducible  to  glafs,  without  the  ad¬ 
dition  of  fomething  to  promote  its  fufion  *,  all  that 
the  fierceft  heat  can  do  being  only  to  render  it  foft. 
Copper,  even  while  it  retains  its  metalline  form,  and 
is  very  pure,  requires  a  confiderable  degree  of  fire 
to  melt  it,  and  does  not  begin  to  flow  till  long  after 
it  is  red-hot.  When  in  fufion,  it  communicates  a 
greenifh  colour  to  the  flame  of  the  coals. 

This  metal  is  inferiour  to  Silver  in  point  of 
gravity  ;  nor  is  its  dudility  fo  great,  tho’  it  be 
pretty  confiderable  :  but,  on  the  other  hand,  it  ex¬ 
ceeds  that  metal  in  hardnefs.  It  unites  readily 
with  Gold  and  Silver  ;  nor  does  it  greatly  leflen 
their  beauty  when  added  to  them  in  a  fmall  quan¬ 
tity  :  nay,  it.  even  procures  them  fome  advantages  % 
filch  as  making  them  harder,  and  lefs  fubjed  to  lofe 
their  dudility,  of  which  thofe  metals  are  often  liable 
to  be  deprived,  by  the  mixture  of  the  fmallefl:  hete¬ 
rogeneous  particle.  This  may  probably  arife  from 
hence,  that  the  dudility  of  Copper  has  the  peculiari¬ 
ty  of  refifling  moll  of  thofe  caufes  which  rob  the 
perfed  metals  of  theirs. 

The  property,  which  other  metalline  fubftances 
have  in  common  with  Copper,  of  lofing  the  phlogif- 
ton  by  calcining  and  then  vitrifying,  furnifhes  us  with 
a  method  of  feparating  them  from  Gold  and  Silver, 
when  they  are  combined  therewith.  Nothing  more 
is  required  than  to  expofe  the  mafs  compounded  of 
£he  perfed  metals  and  other  metalline  fubftances  to 
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a  degree  of  heat  fufficient  to  calcine  whatever 
is  not  either  Gold  or  Silver.  It  is  evident  that 
by  this  means  thefe  two  metals  will  be  obtained  as 
pure  as  is  poffibie  ;  for,  as  hath  already  been  laid, 
no  metalline  calx  or  glafs  is  capable  of  uniting  with 
metals  po  fie  fifed  of  their  phlogifton.  On  this  prin- 
ple  is  formed  the  whole  bufinefs  of  refining  Gold  and 
Silver. 

When  the  perfect  metals  have  no  other  alloy  but 
Copper,  as  this  metal  is  not  to  be  çalcined  or  vitri¬ 
fied  without  great  difficulty,  which  is  increafed  by 
Its  union  with  the  unvitrifiable  metals,  it  is  eafy  to 
fee  that  it  is  almoll  impoffible  to  feparate  them 
without  adding  fomething  to  facilitate  the  vitrifica¬ 
tion  of  the  Copper.  Such  metals  as  have  the  pro¬ 
perty  of  turning  eafily  to  glafs  are  very  fit  for  this 
purpofe  ;  and  it  is  neceffary  to  add  a  certain  quantity 
thereof,  when  Gold  or  Silver  is  to  be  purified  from 
the  alloy  of  Copper.  We  fhali  have  occafion  to  be 
more  particular  on  this  fubjedt  when  we  come  to 
treat  of  Lead. 

Copper  is  foluble  in  all  the  acids,  to  which  it 
communicates  a  green  colour,  and  fometimes  a 
blue.  Even  the  neutral  faits,  and  water  itfelf,  adt 
upon  this  metal.  With  regard  to  water  indeed,  as 
the  procuring  it  abfolutely  pure  and  free  from  any 
faline  mixture  is  next  to  an  impoffibility,  it  remains 
a  queftion  whether  the  effedf  it  produces  on  Copper 
be  not  owing  to  certain  faline  particles  contained 
in  it.  It  is  this  great  facility  of  being  difTolved 
that  renders  Copper  fo  fubjedt  to  ruft  -,  which  is  no¬ 
thing  elfe  but  fome  parts  of  its  furface  corroded  by 
faline  particles  contained  in  the  furrounding  air  and 
water. 

The  ruft  of  Copper  is  always  green  or  blue,  or 
of  a  colour  between  thefe  two.  Internally  ufed  it  is 
very  noxious,  being  a  real  poifon,  as  are  all  the  fo- 
lutions  of  this  metal  made  by  any  acid  whatever. 

The 
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The  blue  colour,  which  Copper  conftantly  a  flumes 
when  corroded  by  any  faline  fubftance,  is  a  fure  figa 
by  which  it  may  bedifcovered  wherever  it  exifis,  even 
in  a  very  (mail  quantity. 

Copper  dilTolved  in  the  vitriolic  acid  forms  a  kind 
of  metalline  fait,  which  (hoots  into  rhomboidal 
cry  fiais  of  a  mod  beautiful  blue  colour.  Thtfe 
cryftals  are  called  Blue  Vitriol ,  or  Vitriol  of  Copper. 
They  are  fometimes  found  ready  formed  in  the 
bowels  of  the  earth  -,  and  may  be  artificially  made  by 
diffolving  Copper  in  the  vitriolic  acid  ;  but  the  fo- 
lution  will  not  fucceed  unlefs  the  acid  be  well  de- 
phlegmated.  The.  take  of  this  vitriol  is  faltifh  and 
aftringent.  It  retains  a  conhderable  quantity  of 
water  in  cryflallizing,  on  which  account  it  is  eafily 
rendered  fluid  by  fire. 

It  muft  be  obferved  that,  when  it  is  expofed  to  a 
certain  degree  of  heat  in  order  to  free  it  of  its  humi¬ 
dity,  a  great  part  of  its  acid  flies  off  at  the  fame  time  : 
and  hence  it  is  that,  after  calcination,  there  remains 
only  a  kind  of  earth,  or  metalline  calx,  of  a  red 
colour,  which  contains  but  very  little  acid.  This 
earth  cannot  be  brought  to  flow  but  with  the  great- 
eft  difficulty. 

A  folution  of  Copper  in  the  nitrous  acid  forms  a 
fait  which  does  not  cryftallize,  but,  when  dried, 
powerfully  attradls  the  moifture  of  the  air.  The 
fame  thing  happens  when  it  is  diffolved  in  fpirit  of 
fait,  or  in  aqua  régis. 

If  the  Copper  thus  diffolved  by  any  of  thefe  acids 
be  precipitated  by  an  earth  or  an  alkali,  it  retains 
nearly  the  colour  it  had  in  the  folution  :  but  thefe 
precipitates  are  fear  ce  any  thing  more  than  the  earth 
of  Copper,  or  Copper  deprived  of  mod  of  its 
phlogiflon  ;  fo  that  if  they  were  expofed  to  a  vio- 
*  lent  fire,  without  any  additament,  a  great  part  of 
them  would  be  converted  into  an  earth  that  could 
never  be  reduced  to  a  metalline  form.  1  herefore, 

when 
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when  we  intend  to  reduce  thefe  precipitates  to  Cop- 
per,  it  is  neceflary  to  add  a  certain  quantity  of  â 
fubftance  capable  of  reftoring  to  them  the  phlogifton 
they  have  loft. 

The  fubftance  which  hath  been  found  fitted:  for 
fuch  redudtions  is  charcoal-dufl  ;  becaufe  charcoal 
is  nothing  but  a  phlogifton  clofely  combined  with 
an  earth,  which  renders  it  exceedingly  fixed,  and 
capable  of  refilling  a  violent  force  of  fire.  But 
as  charcoal  will  not  melt,  and  confequently  is  capa¬ 
ble  of  preventing  rather  than  forwarding  the  flux 
of  a  metalline  calx  or  glafs,  which  neverthelefs  is 
eflfentially  neceflary  to  complete  the  reduction,  it 
hath  been  contrived  to  mix  it,  or  any  other  fubftance 
containing  the  phlogifton,  with  fuch  fixed  alkalis 
as  eafily  flow,  and  are  fit  to  promote  the  flux  of 
other  bodies.  Thefe  mixtures  are  called  P^educing 
Fluxes  ;  becaufe  the  general  name  of  Fluxes  is  given 
to  all  fairs,  or  mixtures  of  faits,  which  facilitate 
fufion. 

If  Sulphur  be  applied  to  Copper  made  perfectly 
red-hot,  the  metal  immediately  runs  ;  and  thefe  two 
fubftances  uniting  form  a  new  compound  much 
more  fufible  than  pure  Copper. 

This  compound  is  deftroyed  by  the  foie  force  of 
fire,  for  two  reafons  :  the  firft  is,  that,  lulphur 
being  volatile,  the  fire  is  capable  of  fublimiilg  a 
great  part  of  it,  efpecially  when  it  is  in  a  great  pro¬ 
portion  to  the  Copper  with  which  it  is  joined  ;  the 
fécond  is,  that  the  portion  of  fulphur  which  re¬ 
mains,  being  more  intimately  united  with  the  Cop¬ 
per,  though  it  be  rendered  lefs  combuftible  by  that 
union,  is  neverthelefs  burnt  and  confumed  in  time. 
Copper  being  combined  with  fulphur,  and  together 
with  it  expofed  to  the  icrce  of  fire,  is  found  to  be 
partly  changed  into  a  blue  vitriol  ;  becaufe  the  vitri¬ 
olic  acid,  being  difengaged  by  burning  the  fulphur, 
is  by  that  means  qualified  to  diftblve  the  Copper. 

The 
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The  affinity  of  Copper  with  fulphur  is  greater  than 
that  of  Silver. 

This  metal,  as  well  as  the  other  imperfed  metals 
and  the  femi-metals,  being  mingled  with  nitre  and 
expofed  to  the  fire,  is  decompofed  and  calcined 
much  fooner  than  by  itfelf  ;  becaufe  the  phlo¬ 
gifton  which  it  contains  occafions  the  deflagration  ‘of 
the  nitre,  and  confequently  the  two  fubflances  mu¬ 
tually  decompofe  each  other.  There  are  certain 
metalline  fubflances  whofe  phlogifton  is  fo  abun¬ 
dant,  and  fo  weakly  connected  with  their  earth,  that, 
when  they  are  thus  treated  with  nitre,  there  arifes 
immediately  a  detonation,  accompanied  with  flame, 
and  as  violent  as  if  fulphur  or  charcoal-dull  had  been 
employed  ;  lo  that  in  a  moment  the  metalline  fub- 
flance  lofes  its  phlogifton,  and  is  calcined.  The 
nitre,  after  thefe  detonations,  always  allumes  an 
alkaline  charader. 

§.  IV.  Of  Iron. 

Iron  is  lighter  and  lefs  dudile  than  Copper  ;  but 
it  is  much  harder,  and  of  more  difficult  fufion. 

It  is  the  only  body  that  has  the  property  of  being 
attraded  by  the  magnet,  which  therefore  ferves  to 
difcover  it  wherever  it  is.  But  it  muft  be  obferved 
that  it  hath  this  property  only  when  in  its  metalline 
ft  ate,  and  lofes  it  when  converted  to  an  earth  or 
calx.  Hence  very  few  Iron-ores  are  attraded  by 
the  loadftone  -,  becaufe,  for  the  moft  part,  they  are 
only  forts  of  earths,  which  require  a  phlogifton  to 
be  added  before  they  can  be  brought  to  the  form  of 
true  Iron. 

When  Iron  hath  undergone  no  other  preparation 
but  the  fufion  which  is  neceftary  to  fmelt  it  from  its 
ore,  it  is  ufually  quite  brittle,  and  flies  to  pieces  un¬ 
der  the  hammer  :  which  arifes  in  fome  meafure  from 
its  containing  a  certain  portion  of  unmetailic  earth 
4  interpofed 
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interpofed  between  its  parts.  This  we  call  Pig 
Iron. 

By  melting  this  a  fécond  time  it  is  rendered  purer, 
and  more  tree  from  heterogeneous  matters  :  but  ft-ill, 
as  its  proper  parts  are  probably  not  brought  fufR- 
ciently  near,  or  clofely  enough  united,  till  the  Iron 
hath  undergone  fome  further  preparation  befide.s  that 
of  fufion,  it  feldom  hath  any  degree  of  malleability. 

The  way  to  give  it  this  property  is  to  make  it 
juft  red-hot,  and  then  hammer  it  for  fome  time  in  all 
diredlions  ;  to  the  end  that  its  parts  may  be  pro¬ 
perly  united,  incorporated,  and  welded  together,  and 
that  the  heterogeneous  matters  which  keep  them 
afunder  may  be  feparated.  Iron  made  by  this 
means  as  malleable  as  poftible  we  call  Bar  Iron ,  or 
Forged  Iron. 

Bar  Iron  is  ftill  harder  to  fuie  than  Pig  Iron  :  to 
make  it  how  requires  the  utmoft  force  of  fire. 

Iron  has  the  property  of  imbibing  a  greater 
quantity  of  phlogifton  than  is  neceftary  to  give  it  the 
metalline  form.  It  may  be  made  to  take  in  this  fu- 
perabundant  phlogifton'  two  ways  :  the  firft  is  by 
fufing  it  again  with  matters  that  contain  the  phlo¬ 
gifton  ;  the  fécond  is,  by  encompaiïing  it  with  a 
quantity  of  fuch  matters,  charcoal-duft  for  inftance, 
and  then  expofing  it  fo  encompafTed,  for  a  certain 
time,  to  a  degree  of  fire  barely  fufticient  to  keep  it 
red-hot.  This  fécond  method,  whereby  one  fub- 
ftance  is  incorporated  with  another  by  means  of 
fire,  but  without  fiifins;  either  of  them,  is  in  general 
called  Cementation. 

Iron  thus  impregnated  with  an  additional  quan¬ 
tity  of  phlogifton  is  called  Steel.  The  hard  nefs  of 
Steel  may  be  confiderably  augmented  by  tempering 
it;  that:  is,  by  making  it  red-hot,  and  fuddenly 
quenching  it  in  fome  cold  liquor.  The  hotter  the 
metal,  and  the  colder  the  liquor  in  which  it  is 

quenched, 
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quenched,  the  harder  will  the  Steel  be.  By  this 
means  tools  are  made,  fuch  as  files  and  ftieers, 
capable  of  cutting  and  dividing  the  hardeft  bo¬ 
dies,  as  glafs,  pebbles,  and  Iron  itfelf.  The  colour 
of  Steel  is  darker  than  that  of  Iron,  and  the  facets 
which  appear  on  breaking  it  are  fmaller.  It  is  alfo 
lefs  dudtile  and  more  brittle,  elpecially  when  tem- 
pered. 

As  Iron  may  be  impregnated  with  an  additional 
quantity  of  phlogifton,  and  thereby  converted  into 
Steel,  fo  may  Steel  be  again  deprived  of  that  fupera- 
bundant  phlogifton,  and  brought  back  to  the  condition 
of  Iron.  This  is  effected  by  cementing  it  with  poor 
earths,  fuch  as  calcined  bones  and  chalk.  By  the 
fame  operation  Steel  may  be  untempered  :  nay,  it 
will  lofe  the  hardnefs  it  had  acquired  by  tem¬ 
pering,  if  it  be  but  made  red-hot,  and  left  to  cool 
gradually.  As  Iron  and  Steel  differ  only  in  the  re- 
fpeéts  we  have  here  taken  notice  of,  their  properties 
being  in  all  other  relpedts  the  fame,  what  follows  is 
equally  applicable  to  both. 

Iron  being  expofed  to  the  action  of  fire  for  fome 
time,  efpecially  when  divided  into  fmall  particles, 
fuch  as  filings,  is  calcined  and  lofes  its  phlogifton. 
By  this  means  it  turns  to  a  kind  of  reddifh  yellow 
earth,  which  on  account  of  its  colour  is  called  Cro - 
i  eus  Mar  iis ,  or  Saffron  of  Mars . 

This  calx  of  Iron  has  the  Angular  property  of 
flowing  in  the  fire  with  fomewhat  lefs  difficulty  than 
(Iron  itfelf  ;  whereas  every  other  metalline  calx  flows 
"with  lefs  eafe  than  the  metal  that  produced  it.  It 
lhas  moreover  the  remarkable  property  of  uniting 
rwith  the  phlogifton,  and  of  being  reduced  to  Iron 
’without  fufton  ;  requiring  for  that  purpofe  only  to 
Ibe  made  red-hot. 

Iron  may  be  incorporated  with  Silver,  and  even 
(With  Gold,  by  means  of  certain  operations.  Under 
Vol.  I.  F  the 
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the  article  of  Lead  we  lhall  fee  how  it  may  be  fe- 

parated  from  thefe  metals  „ 

The  acids  produce  on  it  much  the  fame  ehects 
as  on  Copper:  every  one  of  them  a£h  upon  it. 
Certain  neutral  faits,  alkalis,  and  even  water  itie-i, 
are  capable  of  diffolving  it  ;  and  hence  it  is  alio 
very  fubjedf  to  ruft.  The  vitriolic  acid  cimo  ves  it 
with  the  greateft  eafe  :  but  the  circumftances  which 
attend  the  diffolution  thereof  are  different  from  thole- 
with  which  the  fame  acid  diffolves  Copper  :  lor  i. 
whereas  the  vitriolic  acid  muff  be  concentrated  to 
diffolve  Copper,  it  muff  on  the  contrary  be  diluted 
with  water  to  diffolve  Iron,  which  it  will  not 
touch  when  well  dephlegmated.  2.  l  he  vapouis 
which  rife  in  this  diffolution  are  inflammable  ;  fo 
that  if  it  be  made  in  a  1  mall -necked  bottle,  and 
the  flame  of  a  candle  be  applied  to  the  mouth  there¬ 
of,  the  vapours  in  the  bottle  take  fire  with  fuch  1a- 
pidity  as  to  produce  a  conflderable  explofion. 

This  folution  is  of  a  beautiful  green  colour*,  and 
from  this  union  of  the  vitriolic  acid  with  Iron  there 
refaits  a  neutral  metalline  fait,  which  has  the  pro¬ 
perty  of  {hooting  into  cryflals  of  a  rhomboidal  fi¬ 
gure,  and  a  green  colour.  Thefe  cryitals  are  called 

Green  Vitriol ,  and  Vitriol  of  Mars. 

Green  Vitriol  hath  a  faltifh  and  aftringent  tafte. 
As  it  retains  a  great  deal  of  water  in^  cryftalliz- 
ing  it  quickly  flows  by  the  adlion  of  fire  :  but 
this  fluidity  is  owing  to  its  water  only,  and  is  not  a 
real  fufion  ;  for  as  foon  as  its  moifture  is  eva¬ 
porated,  it  refumes  a  folid  form.  Its  green  trans¬ 
parent  colour  is  now  changed  into  an  opaque  white  : 
and,  if  the  calcination  be  continued,  its  acid  alfo  ex¬ 
hales  and  is  diffipated  in  vapours  ;  and  as  it  lofes 
that,  it  turns  gradually  to  a  yellow  colour,  which 
comes  fo  much  the  nearer  to  a  red  the  longer  the 
calcination  is  continued,  or  the  higher  the  force  of 
the  fire  is  raifed  ;  which  being  driven  to  the  utmoft, 

what 


Theory  of  Chymistry.  67 

what  remains  is  of  a  very  deep  red.  This  remain¬ 
der  is  nothing  but  the  body  of  the  Iron,  which  hav¬ 
ing  loft  its  phlogifton  is  now  no  more  than  an  earth, 
nearly  of  the  fame  nature  with  that  which  is  left 
after  calcining  the  metai  itfelf. 

Green  Vitriol  diffolved  in  water  fpontaneoufly  lets 
fall  a  yellowifh  earthy  fediment.  If  this  folution  be 
defecated  by  filtration,  it  ftill  continues  to  depofite 
fome  of  the  fame  fubftance,  till  the  vitriol  be  wholly 
decompofed.  This  fediment  is  nothing  but  the 
earth  of  Iron,  which  is  then  called  Ochre. 

The  nitrous  acid  diflblves  Iron  with  great  eafe. 
This  folution  is  of  a  yellow  colour,  inclining  more 
or  lefs  to  a  ruffet,  or  dark-brown,  as  it  is  more  or 
lefs  faturated  with  Iron.  Iron  diffolved  by  this  acid 
alfo,  falls  fpontaneoufly  in  a  kind  of  calx,  which  is 
incapable  of  being  diffolved  a  fécond  time  ;  for  the 
nitrous  acid  will  not  a<ft  upon  Iron  that  has  loft  its 
phlogifton.  This  folution  does  not  cryftallize,  and 
if  evaporated  to  drynefs  attracts  the  moifture  of  the 
air. 

Spirit  of  fait  likewife  diffolves  Iron,  and  this  folu¬ 
tion  is  green.  The  vapours  which  rife  during  the 
diffolution  are  inflammable,  like  thofe  which,  afcend 
when  this  metal  is  attacked  by  the  vitriolic  acid. 
Aqua  régis  makes  a  folution  of  Iron,  which  is  of  a 
yellow  colour. 

Iron  hath  a  greater  affinity  than  either  Silver  or 
Copper  with  the  nitrous  and  vitriolic  acids  :  fo  that  if 
Iron  be  prefented  to  a  folution  of  either  in  one  of  thefts 
two  acids,  the  diffolved  metal  will  be  precipitated  ; 
becaufe  the  acid  quits  it  for  the  Iron,  with  which  it 
has  a  greater  affinity. 

On  this  occafion  it  muft  be  obferved  that  if  a  fo- 
lution  of  Copper  in  the  vitriolic  acid  be  precipitated 
by  means  of  Iron,  the  precipitate  has  the  form  and 
fpiendour  of  a  metal,  and  does  not  require  the  addi¬ 
tion  of  a  phlogifton  to  reduce  it  to  true  Copper  ; 

F  2  which 
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which  is  not  the  cafe,  as  has  been  fhewn,  when  the 
precipitation  is  effected  by  earths  or  alkaline  faits. 

The  colour  of  this  metalline  precipitate  hath  de¬ 
ceived  feveral  perfons,  who  being  unacquainted  with 
fuch  phenomena,  and  with  the  nature  of  blue  vitriol, 
imagined  that  Iron  was  tranfmuted  into  Copper,  when 
they  faw  a  bit  of  Iron  laid  in  a  folution  of  that  vitriol 
become,  in  form  and  external  appearance,  exadly  like 
Copper  :  whereas  the  furface  only  of  the  Iron  was 
crufted  over  with  the  particles  of  Copper  contained 
in  the  vitriol,  which  had  gradually  fallen  upon  and 
adhered  to  the  Iron,  as  they  were  precipitated  out 
of  the  folution. 

Among  the  foi vents  of  Iron  we  mentioned  fixed 
alkalis  ;  and  that  they  have  fuch  a  power  is  proved 
by  the  following  phenomenon.  If  a  large  propor¬ 
tion  of  alkaline  faits  be  fuddenly  mixed  with  a  folu¬ 
tion  of  Ifon  in  an  acid,  no  precipitation  enfues,  and 
the  liquor  remains  dear  and  pellucid  ;  or  if  at  firft 
it  look  a  little  turbid,  that  appearance  Lifts  but  a 
moment,  and  the  liquor  prefently  recovers  its  trans¬ 
parency.  The  reafon  is,  that  the  quantity  of  alka¬ 
li  is  more  than  fufficient  to  faturate  all  the  acid  of 
the  folution,  and  the  fuperabundant  portion  thereof, 
meeting  with  the  Iron  already  finely  divided  by  the 
acid,  difiolves  it  with  eâfe  as  fall  as  it  falls,  and  fo 
prevents  its  muddying  the  liquor.  To  evince  that 
this  is  fo  in  fad,  let  the  alkali  be  applied  in  a  quan¬ 
tity  that  is  not  fufficient,  or  but  barely  fufficient,  to 
faturate  the  acid,  and  the  Iron  will  then  precipitate 
like  any  other  metal. 

Water  alfo  ads  upon  Iron  ;  and  therefore  Iron 
expofed  to  moifture  grows  rufty.  If  Iron-filings 
be  expofed  to  the  dew,  they  turn  wholly  to  a  ruft, 
which  is  called  Crocus  Martis  Aperient. 

Iron  expofed  to  the  fire  together  with  nitre  makes 
it  detonate  pretty  brifkly,  fets  it  in  a  flame,  and  de- 
compofes  it  with  rapidity. 


This 
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This  metal  hath  a  greater  affinity  than  any  other 
metalline  fubllance  with  fulphur  ;  on  which  account 
it  is  fuccefsfully  ufed  to  precipitate  and  feparate  all 
metalline  fubftances  combined  with  fulphur. 

Sulphur  uniting  with  Iron  communicates  to  it 
fuch  a  degree  of  fufibility,  that  if  a  mafs  of  this 
metal  heated  red-hot  be  rubbed  with  a  bit  of  fulphur, 
it  incelfantly  runs  into  as  perfeft  a  fufion  as  a  metal 
expofed  to  the  focus  of  a  large  burning-glafs^ 

§.  V.  O/Tin. 

Ti  n  is  the  lighted:  of  all  metals.  Though  it 
yields  eafily  to  the  impreffion  of  hard  bodies,  it  has 
but  little  duflility.  Being  bent  backwards  and  for¬ 
wards  it  makes  a  fmall  crackling  noife.  It  flows 
with  a  very  moderate  degree  of  fire,  and  long  be¬ 
fore  it  comes  to  be  red-hot.  When  it  is  in  fufion, 
its  furface  foon  grows  dulky,  and  there  forms  upon 
it  a  thin  dark-coloured  dully  pellicle,  which  is  no 
other  than  a  part  of  the  Tin  that  has  loll  its  phlo- 
gifton,  or  a  calx  of  Tin.  The  metal  thus  calcin¬ 
ed  eafily  recovers  its  metalline  form  on  the  addition 
of  a  phlogiflon.  If  the  calx  of  Tin  be  urged  by  a 
ftrpng  fire  it  grows  white,  buç  the  greatefl  violence 
of  heat  will  not  fufe  it  ;  which  makes  fome  Chy mills 
confider  it  as  a  calcinable  or  abforbent  earth,  rather 
than  a  vitrifiable  one.  Yet  it  turns  to  glafs  in  fome 
fort  when  mixed  with  any  other  fubllance  that  vitri¬ 
fies  eafily.  However,  it  always  produces  an  imper- 
fe£t  glafs  only,  which  is  not  at  all  transparent,  but 
of  an  opaque  white.  The  calx  of  Tin  thus  vitri¬ 
fied  is  called  Enamel.  Enamels  are  made  of  feveral 
colours  by  the  addition  of  this  or  that  metalline 
calx. 

Tjn  unites  eafily  with  all  the  metals;  but  it de- 
flroys  the  dudlility  and  malleability  of  every  one  of 
them,  Lead  excepted.  Nay,  it  pofielfes  this  proper¬ 
ty  of  making  metals  brittle  in  fuch  an  eminent  de- 

F  3  Srce* 
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gree,  that  the  very  vapour  of  it,  when  in  fufion,  is 
capable  of  producing  this  effect.  Moreover,  which 
is  very  fmgular,  the  moil  du&ile  metals,  even  Gold 
and  Silver,  are  thofe  on  which  it  works  this  change 
with  the  moft  eafe  and  in  the  greateft  degree.  It  has 
alfo  the  property  of  making  Silver  mixed  with  it 
flow  over  a  very  fmall  fire.' 

It  adheres  to,  and  in  fome  meafure  incorporates 
with,  the  fyrface  of  Copper  and  of  Iron  ;  whence 
arofe  the  pradtice  of  coating  over  thofe  metals  with 
Tin.  Tin-Plates  are  no  other  than  thin  plates  of 
Iron  tinned  over. 

If  to  twenty  parts  of  Tin  one  part  of  Copper  be 
added,  this  alloy  renders  it  much  more  folid,  and 
the  mixed  mafs  continues  tolerably  dudlile. 

If  on  the  contrary  to  one  p-rt  of  Tin  ten  parts  of 
Copper  be  added  together  with  a  little  Zink,  a  femi- 
inetal  to  be  confidered  hereafter,  from  this  combi¬ 
nation  there  refuits  a  metalline  compound  which  is 
hard,  brittle,  and  very  fonorous  ;  fo  that  it  is  ufed 
for  calling  bells  :  this  composition  is  called  Bronze 
and  Bell- metal. 

Tin  hath  an  affinity  with  the  vitriolic,  nitrous,  and 
marine  acids.  All  of  them  attack  and  corrode  it  ; 
yet  none  of  them  is  able  to  diffolve  it  without  great 
difficulty  :  fo  that  if  a  clear  folution  thereof  be  dé¬ 
fi  red,  particular  methods  muft  be  employed  for  tha| 
purpofe  ;  ror  the  acids  do  but  in  a  manner  calcine  it, 
and  convert  it  to  a  kind  of  white  calx  or  precipitate. 
The  folvent  which  has  the  greateil  power  over  it  is 
aqua  régis ,  which  has  even  a  greater  affinity  there¬ 
with  than  with  Gold  itfelf;  whence  it  follows  that 
Gold  difiblved  in  aqua  régis  may  be  precipitated  by 
means  of  Tin  ;  but  then  the  aqua  régis  muft  be 
weakened.  Gold  thus  precipitated  by  Tin  is  of  a 
moft  beautiful  colour,  and  is  ufed  for  a  red  in  en¬ 
ameling  and  painting  on  porcelain,  as  alfo  to  give, 
a  red  colour  to  artificial  gems.  If  the  aqua  régis 
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be  not  lowered,  the  precipitate  will  not  have  the 
purple  colour. 

Tin  hath  the  property  of  giving  a  great  lultre  to 
all  red  colours  in  genera!  ;  on  which  account  it  is 
ufed  by  the  dyers  for  ftriking  a  beautiful  fcarlet,  and 
tin  velfels  are  employed  in  making  tine  fynip  of  vi¬ 
olets  Water  does  not  aft  upon  this  metal,  as  it 
does 'upon  Iron  and  Copper  ;  for  which  reafon  it  is 
not  fubjeft  to  ruft  :  neverthelefs  when  it  is  expoied 
to  the  air  its  furface  loon  lofes  its  polifh  and  fpien- 


°xin  mixed  with  nitre  and  expofed  to  the  fire 
deflagrates  with  it,  makes  it  detonate,  and  is  imme- 
diattly  converted  to  a  refraffcry  calx:  for  fo  all 
fubftances  are  called  which  are  incapable  of  fufion. 

Tin  readily  unites  with  fulphur,  and  with  it  be¬ 
comes  a  brittle  and  friable  rnafs. 


§.  VI.  O/Lead. 

Next  to  Gold  and  Mercury  Lead  is  the  heavieft 
of  all  metalline  fubftances,  but  in  hardnefs  is  exceed¬ 
ed  by  every  one  of  them.  Of  all  metals  alfo  it  rneits  the 
eafieft,  except  Tin.  While  it  is  in  fufion  there  ga¬ 
thers  inceflantly  on  its  furface,  as  on  that  of  Tin,  a 
blackifh,  dufty  pellicle,  which  is  nothing  but  a  calx 


of  Lead.  .  ,  ,  ,  c 

This  calx  further  calcined  by  a  moderate  fare, 

the  flame  being  reverberated  on  it,  foon  grows  white. 
If  the  calcination  be  continued  it  becomes  yellow, 
and  at  laft  of  a  beautiful  red.  In  this  ftate  it  is 
called  Minium,  and  is  ufed  as  a  pigment.  Aiimum 
is  not  eafily  made,  and  the  operation  iucceeds  well 

in  large  manufaftures  only.  .  ,  .  , 

To  convert  Lead  into  Litharge ,  which  is  the 
metal  in  a  manner  half  vitrified,  you  need  only 
keep  it  melted  by  a  pretty  ftrong  fire  ;  for  then 
as  its  furface  gradually  calcines,  it  tends  moi^.  an' 

fnore  to  fufion  and  vitrification, 

F  4 
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All  thefe  preparations  of  Lead  are  greatly  difpq- 
fed  to  perfed  fufion  and  vitrification,  and  for  that 
purpofe  require  but  a  moderate  degree  of  fire  -,  the 
calx  or  earth  of  Lead  being  of  all  metalline  earths 
that  which  vitrifies  the  moft  eafily. 

Lead  hath  not  only  the  property  of  turning 
into  glafs  with  the  greateft  facility,  but  it  hath  alfo 
that  of  promoting  greatly  the  vitrification  of  all  the 
other  imperfed  metals  *,  and,  when  it  is  adually  vi¬ 
trified,  procures  the  ready  fufion  of  all  earths  and 
ftones  in  general,  even  thofe  which  are  reffadory, 
that  is,  which  could  not  be  fufed  without  its 
help. 

Glafs  of  Lead,  befides  its  great  fufibility,  hath 
alfo  the  lingular  property  of  being  fo  fubtile  and 
adive  as  to  corrode  and  penetrate  the  crucibles  in 
which  it  is  melted,  unlefs  they  be  of  an  earth  that 
is  exceeding  hard,  compact,  and  withal  very  refrac¬ 
tory  :  for  Glafs  of  Lead,  being  one  of  the  moft 
powerful  fluxes  that  we  know,  if  the  earth  of  rhe 
crucible  in  which  it  is  melted  be  in  the  fmalleft 
degree  fufible,  it  will  be  immediately  vitrified  ; 
efpécialîy  if  there  be  any  metallic  matter  in  its  com- 
pofition.1 

The  great  adivity  of  Glafs  of  Lead  may  be  weak¬ 
ened  by  joining  it  with  other  verifiable  matters  :  byt 
unlefs  thefe  be  added  in  a  very  great  proportion,  it 
will  ftiil  remain  powerful  enough  to  penetrate  com¬ 
mon  earths,  and  carry  off  the  matters  combined 
with  it. 

On  thefe  properties  of  Lead,  and  of  the  Glafs  of 
Lead,  depends  the  whole  bufinefs  of  refining  Gold  and 
Silver.  It  hath  been  fhewn  that  as  thefe  two  metals 
are  mdeftrudible  by  fire,  and  the  qnly  ones  which 
have  that  advantage,  they  may  be  feparated  from 
the  imperfed  metals,  when  mixed  therewith,  by  ex¬ 
po  fin  g  the  compound  to  a  degree  of  fire  fufficiendy 
ftrong  to  vitrify  the  latter  ;  which  when  once  con- 

yened 
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verted  into  glafs  can  no  longer  remain  united  with 
jany  metal  that  has  its  metalline  form.  But  it  is  very 
difficult  to  procure  this  vitrification  of  the  imperfed 
metals,  when  united  with  Gold  and  Silver  ;  nay,  it 
is  in  a  manner  impofiible  to  vitrify  them  entirely, 
for  two  reafons  :  fil'd,  becaufe  mod  of  them  are  natu¬ 
rally  very  difficult  to  vitrify  ;  fecondly,  becaufe  the 
union  they  have  contraded  with  the  perfect  metals 
defends  them,  in  a  manner,  from  the  adion  of  the 
fire,  and  that  fo  much  the  more  effectually  as  the 
proportion  of  the  perfect  metals  is  greater  ;  which 
being  indeltrudible,  and  in  fome  fort  coating  over 
thole  with  which  they  are  alloyed,  ferve  them 
as  a  prefervative  and  impenetrable  fhield  againd  the 
ptmod  v.olence  of  fire. 

It  is  therefore  clear  that  a  great  deal  of  labour 
may  be  faved,  and  that  Gold  and  Silver  may  be 
refined  to  a  much  greater  degree  of  purity  than  can 
otherwife  be  obtained,  if  to  a  mixture  of  thefe  metals 
with  Copper,  for  indance,  or  any  other  imperfect  me¬ 
tal,  be  added  a  certain  quantity  of  Lead.  For  theLead, 
by  its  known  property,  will  infallibly  produce  the 
defired  vitrification  ;  and  as  it  likewife  increafes  the 
proportion  of  the*  imperfed  metals,  and  fo  leffens 
that  of  the  perfect  metals,  in  the  mafs,  it  evidently 
deprives  the  former  of  a  part  of  their  guard,  and 
fo  effeds  a  more  complete  vitrification.  In  conclu- 
fion,  as  the  Glafs  of  Lead  hath  the  property  of 
running  through  the  crucible,  and  carrying  with  it 
the  matters  which  it  has  vitrified,  it  follows  that 
when  the  vitrification  of  the  imperfed  metals  is  ef¬ 
fected  by  its  means,  all  thole  vitrified  matters  toge¬ 
ther  penetrate  the  vefifel  containing  the  fufed  metal¬ 
line  mafs,  difappear,  and  leave  only  the  Gold  and 
Silver  perfedly  pure,  and  freed,  as  far  as  is  poffible, 
from  all  admixture  of  heterogeneous  parts. 

The  better  to  promote  the  reparation  of  fuch  parts 
it  is  ufual  to  employ  in  this  procefs  a  particular  fort 

of 
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of  fmall  crucibles,  made  of  the  affies  of  calcined 
bones,  which  are  exceedingly  porous  and  eafily  per¬ 
vaded.  They  are  called  cupels,  on  account  of  their 
figure,  which  is  that  of  a  wide- mouthed  cup  :  and 
from  hence  the  operation  takes  its  name  ;  for  when 
we  refine  Gold  and  Silver  in  this  manner  we  are 
faid  to  cupel  thofe  metals.  It  is  ealy  to  perceive  that 
the  more  Lead  is  added  the  more  accurately  will  the 
Gold  and  Silver  be  refined  ;  and  that  fo  much  the 
more  Lead  ought  to  be  added  as  the  perxedi  metals 
are  alloyed  with  a  greater  proportion  of  the  imperfect 
This  is  the  mod  fevere  trial  to  which  a  perfect 
metal  can  be  put,  and  confequently  any  metal  that 
ftands  it  may  be  fairly  confidered  as  fuch. 

In  order  to  denote  the  finenefs  of  Gold,  it  is  fup- 
pofed  to  be  divided  into  twenty-four  parts  called 
carats  *,  and  Gold  which  is  quite  pure  and  free  from 
all  alloy  is  faid  to  be  twenty-four  carats  fine  ;  that 
which  contains  part  or  alloy  is  caLed  Goid  of 
twenty-three  carats  ;  that  which  contains  ^  of  al¬ 
loy  is  but  twenty-two  carats  ;  and  fo  on.  Silver 
again  is  fuppofed  to  be  divided  into  twelve  parts  on¬ 
ly,  which"  are  called  penny-weights:  fo  that  when 
absolutely  pure  it  is  faid  to  be  twelve  penny-weights 
fine  ;  when  it  contains  -V  of  alloy,  it  is  then  called 
eleven  penny- weights  fine  ;  when  it  contains  T*  of 
alloy,  it  is  called  ten  penny-weights  fine,  and  fo  on. 
In  treating  of  Copper  we  promifed  to  fhew  under 
the  article  of  Lead  how  to  feparate  it  from  Iron. 
The  procefs  is  founded  on  that  property  of  Lead 
which  renders  it  incapable  of  mixing  and  uniting 
with  Iron,  though  it  readily  diflolves  all  other  me¬ 
talline  fubftances.  Therefore  if  you  have  a  mafs 
compounded  of  Copper  and  Iron,  it  muft  be  fufed 
with  a  certain  quantity  of  Lead,  and  then  the  Cop¬ 
per,  having  a  greater  affinity  with  Lead  than  with 
Iron,  will  defert  the  latter  and  join  the  former, 
y/hich  .being  incapable  of  any  union  with  Iron,  as 

was. 
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was  faid,  will  wholly  exclude  it  from  the  new  com¬ 
pound.  The  next  point  is  to  feparate  the  Lead 
from  the  Copper  ;  which  is  done  by  expofing  the 
mafs  compounded  of  thefe  two  metals  to  a  degree 
of  fire  ftrong  enough  to  deprive  the  Lead  of  its 
metalline  form,  but  too  weak  to  have  the  fame  ef¬ 
fect  on  the  Copper  :  and  this  may  be  done  j  fmee 
of  all  the  imperfect  metals  Lead  is,  next  to  Tin, 
the  eafieft  to  be  calcined,  and  Copper  on  the  contra¬ 
ry  refills  the  greatefl  force  of  fire  longell,  with¬ 
out  lofing  its  metalline  form.  Nov/  what  we  gain 
by  this  exchange,  viz.  by  feparating  Copper  from 
Iron  and  uniting  it  with  Lead,  conflits  in  this,  that 
as  Lead  is  calcined  with  lefs  fire  than  Iron,  the  Cop¬ 
per  is  lefs  expoied  to  be  deilroyed  :  For  it  muft  be 
obferved  that,  however  moderate  the  fire  be,  it  is 
hardly  poflible  to  prevent  a  certain  quantity  thereof 
from  being  calcined  in  the  operation. 

Lead  melted  with  a  third  part  of  Tin  forms  a 
compound,  which  being  expoied  to  a  fire  capable 
of  making  it  thoroughly  red-hot,  fwells,  puffs  up, 
feems  in  lome  fort  to  take  fire,  and  is  prefently  cal¬ 
cined  1  hefe  two  metals  mixed  together  are  much 
fooner  calcined  than  either  of  them  feparately. 

Both  Lead  and  Tin  are  in  fame  meafure  affedled 
by  water,  and  by  a  moift  air  ;  but  they  are  both 
much  lefs  fubjedt  than  Iron  or  Copper  to  be  corro¬ 
ded  by  thefe  fol vents,  and  of  çourfe  are  much  lefs 
lefs  liable  to  ruff. 

The  vitriolic  acid  adls  upon  and  diffolves  Lead 
much  in  the  fame  manner  as  it  doth  Silver. 

The  nitrous  acid  diffolves  this  metal  with  much 
eafe  and  in  great  quantities  ;  and  from  this  folution 

of  mercury  may  be  obtained.  On 
our  Elements  of  the  Eratlice  of  Cloy - 

When  this  folution  of  Lead  is  diluted  with  a 
good  deal  of  water,  the  Lead  precipitates  in  the 

form 

4  »  ■  >  i 
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a  unau  portion 
this  fubjedt  fee 
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form  of  a  white  powder  ^  which  happens  becaufe 
the  acid  is  rendered  too  weak  to  keep  the  Lead  dif- 
folved. 

If  this  folution  of  Lead  be  evaporated  to  a  cer¬ 
tain  degree,  it  (hoots  into  cryftals  formed  like  regu¬ 
lar  pyramids  with  fquare  bafes.  Thefe  cryftals  are 
of  a  yeliowifh  colour  and  of  a  faccharine  tafte  : 
they  do  not  eaftly  diffolve  in  water.  This  nitrous 
metalline  fait  has  the  fingular  property  of  detonat¬ 
ing  in  a  crucible,  without  any  additament,  or  the 
contad  of  any  other  inflammable  fubftance.  This 
property  it  derives  from  the  great  quantity  of 
phlogifton  contained  in  and  but  loofely  connected 
with  the  Lead  which  is  one  of  its  principles. 

If  fpirit  of  fait,  or  even  fea-lalt  in  fubftance, 
be  added  to  a  folution  of  Lead  in  the  nitrous  acid, 
a  white  precipitate  immediately  falls ,  which  is  no 
other  than  the  Lead  united  with  the  marine  acid. 
This  precipitate  is  extremely  like  the  precipitate  of 
Silver  made  in  the  fame  manner,  and  that  being 
called  Luna  cornea  hath  occalloned  this  to  be  named 
Plumbum  corneum .  lake  the  luna  cornea  it  is  very 
fufible,  and  being  melted  hardens  like  it  into  a  kind 
of  horny  fubftance  :  it  is  volatile,  and  may  be  re¬ 
duced  by  means  of  inflammable  matters  combined 
with  alkalis.  But  it  differs  from  the  luna  cornea  in 
this  chiefly,  that  it  diffolves  eaftly  in  water*,  whereas 
the  luna  cornea ,  on  the  contrary,  diffolves  therein 
with  great  difficulty,  and  in  a  very  final!  quantity. 

As  this  precipitation  of  Lead  from  its  folution 
in  fpirit  of  nitre  is  procured  by  the  marine  acid. 
Lead  is  thereby  proved  to  have  a  greater  affinity 
with  the  latter  acid  than  with  the  former.  Yet,  if 
you  attempt  to  diffolve  Lead  diredly  by  the  acid  of 
fea-falt,  the  folution  is  not  fo  eaftly  effeded  as  by  the 
fpirit  of  nitre,  and  it  is  always  imperfed  ;  for  it 
wants  one  of  the  conditions  effentia!  to  every  folu¬ 
tion  in  a  liquor,  namely  transparency. 


If 
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If  Lead  be  boiled  for  a  long  time  in  a  lixivium  of 
fixed  alkali,  part  of  it  will  be  diffolved. 

Sulphur  renders  this  metal  refractory  and  fcarce 
fufible  ;  and  the  mafs  they  form  when  united 
together  is  friable.  Hence  it  appears  that  ful- 
phur  a6ts  upon  Lead  much  in  the  fame  manner 
as  upon  Tin  ;  that  is,  it  renders  both  thefe  metals 
lefs  fufible,  which  are  naturally  the  molt  fufible  of 
any,  while  it  exceedingly  facilitates  the  fufion  of 
Silver,  Copper,  and  Iron,  metals  which  of  them- 
felves  flow  with  the  greateft  difficulty. 


CHAP.  IX. 

Of  QjJ  I  C  K-S  I  L  V  E  R. 

WE  treat  of  Quick-filver  in  a  chapter  apart, 
becaufe  this  metallic  fubftance  cannot  be 
elaffed  with  the  metals  properly  fo  called,  and  yet 
has  fome  properties  which  will  not  allow  us  to  con¬ 
found  it  with  the  femi-metals.  The  reafon  why 
Quick-filver,  by  the  Chymifls  commonly  called 
Mercury,  is  not  reputed  a  metal  is,  that  it  wants 
one  of  the  efifential  properties  thereof,  to  wit,  mal¬ 
leability.  When  it  is  pure  and  unadulterated  with 
any  mixture,  it  is  always  fluid,  and  of  courfe  unmal- 
leable.  But  as,  on  the  other  hand,  it  eminently 
poffeffes  the  opacity,  the  fplendour,  and  above  all 
the  gravity  of  a  metal,  being  next  to  Gold  the  hea- 
vieft  of  all  bodies,  it  may  be  confidered  as  a  true 
metal,  differing  from  the  reft  no  otherwife  than  by 
being  conftantly  in  fufion  ;  which  we  may  fuppofe 
arifes  from  its  aptnefs  to  flow  with  fuch  a  final  1  degree 
of  heat,  that  be  there  ever  fo  little  warmth  on  earth, 
there  is  ftill  more  than  enough  to  keep  Mercury  in 

fufion  j 
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fufion  ;  which  would  become  folid  and  malleable  if  it 
were  poftible  to  apply  to  it  a  degree  of  cold  confi- 
derable  enough  for  that  purpofe.  Thefe  properties 
will  not  allow  us  to  confound  it  with  the  femi- me¬ 
tals.  Add  that  we  are  not  yet  afiured  by  any  un¬ 
doubted  experiment  that  it  can  be  wholly  de-  r  ved 
of  its  phlogifton,  as  the  imperfect  metals  may. 
Indeed  we  cannot  apply  the  force  of  fire  to  it  as 
could  be  wifhed  :  for  it  is  fo  volatile  that  it  flies  off 
and  exhales  in  vapours  with  a  much  lefs  degree  of 
fire  than  is  necefTary  to  make  it  red-hot.  The  va¬ 
pours  of  Mercury  thus  raifed  by  the  adtion  of  fire, 
being  collected  and  united  in  a  certain  quantity,  ap¬ 
pear  to  be  no  other  than  true  Mercury,  retaining 
every  one  of  its  properties  ;  and  no  experiment  hath 
ever  been  able  to  fliew  the  lead  change  thus  produ¬ 
ced  in  its  nature. 

If  Mercury  be  expofed  to  the  greatefl  heat  that  it 
can  bear  without  fublimation,  and  continued  in  it 
for  feveral  months,  or  even  a  whole  year  together, 
it  turns  to  a  red  powder,  which  the  Chymifts  call 
Mercurius  pracipitatus  per  fe.  But  to  fuceed  in  this 
operation  it  is  abfblutely  necefTary  that  the  heat  be 
fuch  as  is  above- fpecified  ;  for  this  metallic  fubftance 
may  remain  expofed  to  a  weaker  heat  for  a  confi- 
derable  number  of  years,  without  undergoing  any 
fenfible  alteration. 

Some  Chymifts  fancied  that  by  this  opera¬ 
tion  they  had  fixed  Mercury  and  changed  its  na¬ 
ture  ;  but  without  any  reafon  :  for  if  the  Mercury 
thus  feemingly  tranfmuted  be  expofed  to  a  fome- 
what  ft  ronger  degree  of  fire,  it  fublimes  and  exhales 
in  vapours  as  ufual  ;  and  thofe  vapours  collected 
are  nothing  elfe  but  running  Mercury,  which  has 
recovered  all  its  properties  without  the  help  of  any 
additament. 

Mercury  has  the  property  of  diflblving  all  the 
metals.  Iron  only  excepted.  But  it  is  a  condition 

abfolutely 
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abfolutely  neceflary  to  the  fuccefs  of  fuch  diflblu- 
tion,  that  the  metalline  fubdances  be  pofleflfed  of 
their  phlogidon  -,  for  if  they  be  calcined,  Mercury 
cannot  touch  them  :  and  hence  it  follows  that  Mer¬ 
cury  doth  not  unite  with  fubdances  that  are  purely 
earthy.  Such  a  combination  of  a  metal  with  Mercury 
is  called  an  Amalgam .  Trituration  alone  is  fufficient 
to  efiedt  it  -,  however,  a  proper  degree  ot  heat  alfo  is 
of  ufe. 

Mercury  amalgamated  with  a  metal  gives  it  a 
confidence  more  or  lefs  foft,  and  even  fluid,  accord¬ 
ing  to  the  greater  or  fmaller  proportion  of  Mercury 
employed.  All  amalgams  are  foftened  by  heat,  and 
hardened  by  cold. 

Mercury  is  very  volatile  ;  vaflly  more  fo  than  the 
mod  unfixed  metals  :  moreover  the  union  it  con¬ 
trats  with  any  metal  is  not  fufficiently  intimate  to 
entitle  the  new  compound  refulting  from  that  union 
to  all  the  properties  of  the  two  fubdances  united  ; 
at  lead  with  regard  to  their  degree  of  fixity  and  vo¬ 
latility.  From  all  which  it  follows  that  the  bed 
and  lured  method  of  feparating  it  from  metals  dif- 
folved  by  it,  is  to  expofe  the  amalgam  to  a  degree 
of  heat  fufficient  to  make  all  the  Quick- diver  rife 
and  evaporate  ;  after  which  the  metal  remains  in  the 
form  of  a  powder,  and  being  fufed  recovers  its 
malleability.  If  it  be  thought  proper  to  lave  the 
Quick-filver,  the  operation  mud  be  performed  in 
clofe  vefiels,  which  will  confine  and  colledt  the 
mercurial  vapours.  This  operation  is  mod  fre¬ 
quently  employed  to  feparate  Gold  and  Silver  from 
the  feveral  forts  of  earths  and  fands  with  which  they 
are  mixed  in  the  ore  ;  becaufe  thefe  two  metals. 
Gold  efpecially,  are  of  fufficient  value  to  compen- 
fate  the  lofs  of  Mercury,  which  is  inevitable  in  this 
procefs  :  befides,  as  they  very  readily  amalgamate 
with  it,  this  way  of  feparating  them  from  every 
thing  unmetallic  is  very  facile  and  commodious. 

Mercury 
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Mercury  is  difiolved  by  acids  ^  blit  with  circum- 
fiances  peculiar  to  each  particular  fort  of  acid. 

The  vitriolic  acid  concentrated  and  made  boiling 
hot  feizes  on  it,  and  prefently  reduces  it  to  a  kind  of 
white  powder,  which  turns  yellow  by  the  affufion 
of  water,  but  does  not  diffolve  in  it  :  it  is  called 
Turbith  Mineral  However,  the  vitriolic  acid  on  this 
occafion  unites  with  a  great  part  of  the  Mercury  in 
fuch  a  manner  that  the  compound  is  foluble  in  wa¬ 
ter.  For  if  to  the  water  which  was  ufed  to  walla 
the  Turbith  a  fixed  alkali  be  added,  there  falls  in- 
flantly  a  ruffet- coloured  precipitate,  which  is  no 
other  than  Mercury  feparated  from  the  vitriolic  acid 
by  the  intervention  of  the  alkali. 

*  This  diffolution  of  Mercury  by  the  vitriolic  acid 
is  accompanied  with  a  very  remarkable  phenome¬ 
non  ,  which  is,  that  the  acid  contracts  a  flrong  fmell 
of  volatile  fpirit  of  fulphur  :  a  notable  proof  that 
part  of  the  phlogifton  of  the  Mercury  hath  united 
therewith.  And  yet,  if  the  Mercury  be  feparated 
by  means  of  a  fixed  alkali,  it  does  not  appear  to 
have  fuffered  any  alteration.  Turbith  mineral  is 
not  fo  volatile  as  pure  Mercury. 

The  nitrous  acid  difiolves  Mercury  with  eafe. 
The  folution  is  limpid  and  tranfparent,  and  as  it 
grows  cold  ftioots  into  cryflals,  which  are  a  nitrous 
mercurial  fait. 

If  this  folurion  be  evaporated  to  drynefs,  the 
Mercury  remains  impregnated  with  a  little  of  the 
acid,  under  the  form  of  a  red  powder,  which  hath 
obtained  the  names  of  Red  Precipitate ,  and  Arcanum 
Cor  alii  num.  This  Precipitate,  as  well  as  Turbith, 
is  lefs  volatile  than  pure  Mercury. 

If  this  folution  of  Mercury  be  mixed  with  a  fo¬ 
lution  of  Copper  made  likewife  in  the  nitrous  acid, 
and  the  mixture  evaporated  to  drynefs,  there  will 
remain  a  preen  powder  called  Green  Precipitate. 
,  Thefe 
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Thefe  precipitates  are  cauflic  and  corrofive  ;  and  are 
ufed  as  fuch  in  furgery. 

Though  Mercury  be  diffolved  more  eafily  and 
completely  by  the  nitrous  acid  than  by  the  vitriolic, 
yet  it  has  a  greater  affinity  with  the  latter  than  with 
the  former  :  tor  if  a  vitriolic  acid  be  poured  into  a 
loi  ut  ion  of  Mercury  in  fpirit  of  nitre,  the  .Mercury 
will  quit  the  latter  acid  in  which  it  was  diffolved, 
and  join  the  other  which  was  added.  The  fame 
thing  happens  when  the  marine  acid  is  employed 
inftead  of  the  vitriolic. 

Mercury  combined  with  fpirit  of  fait  forms  a  fin- 
guîar  boo  y  ;  a  metailme  fait  which  fhoots  into  long 
cryftals,  pointed  like  daggers.  This  fait  is  volatile, 
and  fublimes  eafily  without  decompofition.  It  is 
moreover  the  moft  violent  of  all  the  corrofives  hi¬ 
therto  difcovered  by  Chymiftry.  It  is  called  Com- 
five  Sublimate ,  becaufe  it  mull  abfolutely  be  fublim- 
ed  to  make  the  combination  perfeft.  There  are  fe- 
veral  ways  of  doing  this  :  but  the  operation  will 
never  fail  if  the  Mercury  be  ratified  into  vapours 
and  meet  with  the  marine  acid  in  a  fimilar  ffate. 

Corrofive  Sublimate  is  diffolved  by  water,  but  in 
very  fmall  quantities  only.  It  is  decompounded  by 
fixed  alkalis,  which  precipitate  the  Mercury  in  a 
reddiffi  yellow  powder,  called  on  account  of  its  co¬ 
lour  Yellow  Precipitate . 

If  Corrofive  Sublimate  be  mixed  with  tin,  and 
the  compound  diftilled,  a  liquor  comes  over  which 
continually  emits  abundance  of  denfe  fumes,  and 
from  the  name  of  its  inventor  is  called  the  Smoke- 
ing  Liquor  of  Lib'avius.  This  liquor  is  no  other 
tnan  the  tin  combined  with  the  marine  acid  of  the 
Corrofive  Sublimate,  which  therefore  it  hath  aflually 
decompounded  :  whence  it  follows  that  this  acid  hath 
£  greater  affinity  with  tin  than  with  Mercury. 

The  marine  acid  in  Corrofive  Sublimate  is  not 
quite  faturated  with  Mercury;  but  is  capable  of 
VOL.  I.  ^ 
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taking  up  a  much  greater  quantity  thereof.  For  if 
Corrofive  Sublimate  be  mixed  with  frefn  Mercury, 
and  fublimed  a  fécond  time,  another  compound 
will  be  produced  containing  much  more  Mercury, 
and  lefs  acrimonious  ;  for  which  reafon  it  is  named 
Sweet  Sublimate  of  Mercury ,  Mercurius  dulcis ,  Aquila 
alba .  This  compound  may  be  taken  internally,  and 
is  purgative  or  emetic  according  to  the  dole  admi¬ 
nistered.  It  may  be  rendered  Fill  more  gentle  by 
repeated  fublimations,  and  then  it  takes  the  title  of 
Fanacæa  Mercurialis.  No  way  hath  hitherto  been 
found  to  hiffolve  Mercury  in  aqua  régis  without 
great  difficulty,  and  even  then  it  is  but  imperfectly 
diffolved. 

Mercury  unites  eafily  and  intimately  with  fulphur. 
If  thefe  two  ftibftances  be  only  rubbed  together  in 
a  gentle  heat,  or  even  without  any  heat,  they  will  con¬ 
tract  an  union,  though  but  an  incomplete  one.  This 
combination  takes  the  form  of  a  black  powder, 
which  has  procured  it  the  name  of  Æthiops  mineral . 

If  a  more  intimate  and  perfedt  union  be  defired, 
this  compound  mu  ft  be  expofed  to  a  ftronger  heat  ; 
and  then  a  red  ponderous  fubftance  will  be  fublim¬ 
ed,  appearing  like  a  mafs  of  fhining  needles  :  this 
is  the  combination  defired,  and  is  called  Cinabar .  In 
this  form  chiefly  is  Mercury  found  in  the  bowels  of 
the  earth.  Cinabar  finely  levigated  acquires  a  much 
brighter  red  colour,  and  is  known  to  painters  by  the 
name  of  Vermilion . 

Cinabar  rifes  wholly  by  fublimation,  without 
buffering  any  decompofition  ;  becaufe  the  two  fub¬ 
ftances  of  which  it  confifts,  viz.  Mercury  and  ful¬ 
phur,  are  both  volatile. 

Though  Mercury  unites  and  combines  very  well 
with  fulphur,  as  hath  been  faid,  yet  it  hath  lefs  affinity 
with  that  mineral  than  any  other  metal,  Gold 
only  excepted  :  whence  it  follows  that  any  of  the 
other  metals  will  decompound  Cinabar,  by  uniting 

with. 


Theory  of  Chymistry.  83 

with  its  fulphur,  and  fo  fetting  the  Mercury  at  li¬ 
berty  to  appear  in  its  ufual  form.  Mercury  thus 
feparated  from  fulphur  is  efleemed  the  purefl, 
and  bears  the  name  of  Mercury  revivified  from  Ci- 
nabar . 

Iron  is  generally  ufed  in  this  operation  preferably 
to  the  other  metals,  becaufe  among  them  all  it  has 
the  greatefl  affinity  with  fulphur,  and  is  the  only  one 
that  has  none  with  Mercury. 

Cinabar  may  alfo  be  decompounded  by  means  of 
fixed  alkalis  ;  the  affinity  of  thefe  faits  v/ith  fulphur 
being  generally  greater  than  that  of  any  metalline 
fubftance  whatever. 


C  H  A  R  IX, 

Of  the  S  E  M  I-M  ETALS. 

§.  I.  Of  Regulus  of  Antimony. 

E  G  U  L  U  S  of  Antimony  is  a  metallic  fub- 
fiance  of  a  pretty  bright  white  colour.  It  has 
the  fplendour,  opacity,  and  gravity  of  a  metal  :  but 
it  is  quite  unmalleable,  and  crumbles  to  duff,  in- 
flead  of  yielding  or  firetching,  under  the  hammer; 
on  which  account  it  is  claffed  with  the  Semi-metals, 
It  begins  to  flow  as  foon  as  it  is  moderately  red  ; 
but,  like  the  other  Semi- metals,  it  cannot  {land  a 
violent  degree  of  fire  ;  being  thereby  diffipated  into 
fmoke  and  white  vapours,  which  adhere  to  fuch  cold 
bodies  as  they  meet  with,  and  fo  are  colledled  into  a 
kind  of  farina  called  Flowers  of  Antimony. 

If  Regulus  of  Antimony,  inflead  of  being  ex- 
pofed  to  a  flrong  fire,  be  only  heated  fo  mode¬ 
rately  that  it  ffiall  not  even  melt,  it  will  calcine, 
lofe  its  phlogiflon,  and  take  the  form  of  a  grey- 
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ifh  powder  deftitute  of  all  fplendour  :  this  powder 

is  called  Calx  of  Antimony . 

This  calx  is  not  volatile  like  the  Regulus,  but 
will  endure  a  very  violent  fire  -,  and  being  expofed 
thereto  will  flow,  and  turn  to  a  glafs  oi  the  yellowifh 
colour  of  a  hyacinth. 

It  is  to  be  obferved  that  the  more  the  Regulus  is 
deprived  of  its  phlogifton  by  continued  calcination, 
the  more  refradory  is  the  calx  obtained  from  it. 
The  glafs  thereof  has  alfo  fo  much  the  lefs  colour, 
and  comes  the  nearer  to  common  glafs. 

The  Calx  and  the  Glafs  of  Antimony  will  recover 
their  metalline  form,  like  every  other  Calx  and 
Glafs  of  a  metal,  if  reduced  by  reftoring  to  them 
their  loft  phlogifton.  Yet  if  the  calcination  be  car¬ 
ried  too  far,  their  reduction  will  become  much  more 
difficult,  and  a  much  fmailer  quantity  of  Regulus 
will  be  refufcitated. 

Regu  us  of  Antimony  is  capable  of  diftblving  the 
metals  ;  but  its  affinities  with  them  are  various,  and 
differ  according  to  the  following  order.  It  affedts 
Iron  the  mod  powerfully,  next  Copper,  then  Tin, 
Lead,  and  Liver.  It  promotes  thefufion  of  metals, 
but  makes  them  all  brittle  and  unmalleable. 

It  will  not  amalgamate  with  Mercury-,  and  though 
by  certain  procédés,  f particularly  the  addition  of 
water  and  continued  trituration,  a  fort  of  union  be¬ 
tween  tliefe  two  fubftances  may  be  produced,  yet  it 
is  but  apparent  and  momentary  ;  for  being  left  to 
themfelves  and  undifturbed  they  quickly  di {unite  and 
feparate*. 

*  M.  MrJouin,  however,  hath  found  a  way  to  unite  thefe  two 
metallic  fubftances  :  but  then  he  does  it  by  the  mterpofition  of  ful- 
phur  ;  that  is,  he  combines  crude  Antimony  with  Mercury, 
This  combination  is  brought  about,  in  the  fame  way  that  Æthi- 
ops  mineral  is  made  -,  viz.  either  by  fini  on,  or  by  trituration 
only  without  fire  It  refemhtes  the  common  Æthiops,  and  M. 
Malouin  calls  it  Æthiops  of  Antimony.  He  obferved  that  Mer¬ 
cury  unites  with  Antimony  much  more  intimately,  by  melting 
than  by  rubbing  them  together. 
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The  vitriolic  acid,  affiffced  by  heat,  and  even  by 
diftillation,  diffolves  Reguius  of  Antimony.  The 
nitrous  acid  likewife  attacks  it  ;  but  the  folution 
can  by  no  art  be  made  clear  and  limpid  :  fo  that  the 
Reguius  is  only  calcined,  in  a  manner,  by  this  acid. 

The  marine  acid  difloives  it  well  enough  ;  but 
then  it  muft  be  exceedingly  concentrated,  and  appli¬ 
ed  in  a  peculiar  manner,  and  efpecially  by  diftilla- 
tion.  One  of  the  beft  methods  of  procuring  a  per- 
fed  union  between  the/acid  of  fea-falt  and  Re¬ 
guius  of  Antimony,  is  to  pulverize  the  latter,  mix 
it  with  corrofive  fublimate,  and  diflill  the  whole. 
There  rifes  in  the  operation  a  white  matter,  thick 
and  fcarce  fluid,  which  is  no  other  than  the  Reguius 
of  Antimony  united  and  conjoined  with  the  acid  of 
fea-falt.  This  compound  is  extremely  corrofive, 
and  is  called  Butter  of  Antimony. 

It  is  plain  that  the  corrofive  fublimate  is  here  de¬ 
compounded  ;  that  the  Mercury  is  revivified,  and 
that  the  acid  which  wras  combined  therewith  hath 
quitted  it  to  join  the  Reguius  of  Antimony,  with 
which  its  affinity  is  greater.  This  Butter  of  Anti- 
mony  by  repeated  did  illations  acquires  a  confide- 
rable  degree  of  fluidity  and  limpid  nefs. 

If  the  acid  of  nitre  be  mixed  with  Butter  of  An¬ 
timony,  and  the  whole  dillilled,  there  rifes  an  add 
liquor,  or  a  fort  of  aqua  régis ,  which  Hill  retains 
fome  of  the  difiolved  Reguius,  and  is  called  B-ezo- 
ardic  Spirit  of  Nitre.  After  the  diftillation  there 
remains  a  white  matter,  from  which  freffi  fpirit  of 
.nitre  is  again  abftraded,  and  which  being  then  wadd¬ 
ed  with  water  is  called  Bezoar  mineral .  b  his  Bezoar 
mineral  is  neither  fo  volatile,  nor  fo  cauftic,  as  Butter 
of  Antimony  ;  becaufe  the  nitrous  acid  hath  not  the 
property  of  volatilizing  metallic  iubftances,  as  the 
marine  acid  does,  and  becaufe  it  remains  much  more 
intimately  combined  with  the  reguline  part. 
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If  Butter  of  Antimony  be  mixed  with  water,  the 
liquor  immediately  becomes  turbid  and  milky,  and 
a  precipitate  falls,  which  is  nothing  but  the  metallic 
matter  partly  feparated  from  its  acid,  which  is  too 
much  weakened  by  the  addition  of  water  to  keep  it 
diffolved.  Yet  this  precipitate  {till  retains  a  good 
deal  of  acid  ;  for  which  reafon  it  continues  to  be  a 
violent  emetic,  and  in  fome  degree  corrofive.  It 
hath  therefore  been  very  improperly  called  Mercu - 
rius  Vita. 

The  proper  folvent  of  Regulus  of  Antimony  is 
aqua  régis  \  by  means  whereof  a  dear  and  limpid 
folution  of  this  Semi- metal  may  be  obtained. 

Regulus  of  Antimony  mixed  with  nitre,  and  pro¬ 
jected  into  a  red-hot  crucible,  lets  the  nitre  in  a  flame, 
and  makes  it  detonate.  As  it  produces  this  effedb  by 
means  of  its  phlogifton,  it  muft  needs  at  the  fame 
time  be  calcined,  and  lofe  its  metallic  properties, 
which  accordingly  happens  :  and  when  the  nitre  is 
in  a  triple  proportion  to  the  Regulus,  the  latter  is  fo 
perfectly  calcined  as  to  leave  only  a  white  powder, 
which  is  fufed  with  great  difficulty,  and  then  turns 
to  a  faintly  coloured  glafs,  not  very  different  from 
common  glafs,  and  which  is  not  reducible  to  a  Re¬ 
gulus  by  the  addition  of  inflammable  matter;  at 
lead:  it  yields  but  a  very  (mail  quantity  thereof.  If 
lefs  nitre  be  uled,  the  calx  is  not  fo  white  ;  the  glafs 
it  produces  is  more  like  a  metalline  glafs,  and  is 
more  eafily  reduced.  The  calx  of  the  Regulus  thus 
prepared  by  nitre  is  called,  on  account  of  the  medi¬ 
cinal  virtue  afcribed  to  it,  ■Diaphoretic  antimony ,  or 
Diaphoretic  mineral . 

Nitre  always  becomes  an  alkali  by  deflagration, 
and  in  the  prefen t  cafe  retains  paît  of  the  calx, 
which  it  even  renders  foluble  in  water.  This  calx 
may  be  feparated  from  the  alkali,  if  an  acid  be  em¬ 
ployed  to  precipitate  it  ;  and  then  it  is  called  Mate¬ 
ria  perlât  a.  This  pearly  matter  is  a  calx  of  Anti¬ 
mony 
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mony,  fo  completely  deprived  of  its  phlogifton  as 
to  be  altogether  incapable  of  reduction  to  a  Re- 
gulns. 

Regulus  of  Antimony  readily  joins  and  unites 
with  fulphur,  forming  therewith  a  compound  which 
has  a  very  faint  metallic  fplendour.  This  com¬ 
pound  appears  like  a  mafs  of  long  needles  adhering 
together  laterally  -,  and  under  this  form  it  is  ufu- 
ally  found  in  the  ore,  or  at  leaft  when  only  feparat- 
ed  by  fufion  from  the  ftones  and  earthy  matters 
with  which  the  ore  is  mixed.  It  is  called  Crude 
Antimony . 

Antimony  flows  with  a  moderate  heat,  and  be¬ 
comes -even  more  fluid  than  other  metallic  fub- 
ftances.  The  a<ftion  of  fire  diflipates  or  confumes 
the  fulphur  it  contains,  and  its  phlogifton  alfo,  fo 
as  to  convert  it  into  a  calx  and  a  glafs,  as  it  does 
the  Regulus. 

Aqua  régis ,  which  we  obferved  to  be  the  proper 
folvent  of  the  Regulus,  being  poured  on  Antimony 
attacks  and  diffolves  the  reguline  part,  but  touches 
not  the  fulphur  ;  in  confequence  whereof  it  decom- 
poles  the  Antimony,  and  feparates  its  fulphur  from 
its  Regulus. 

There  are  feveral  other  ways  of  effecting  this  de- 
compofition,  and  obtaining  the  reguline  part  of  An¬ 
timony  by  itfelf  :  they  confift  either  in  deftroying 
the  fulphureous  part  of  the  Antimony  by  combuf- 
tion,  or  in  melting  the  Antimony  with  fome  fub- 
ftance  which  has  a  greater  affinity  than  its  reguline 
part  with  fulphur.  Moft  metals  are  very  fit  for 
this  latter  purpofe  :  for  though  the  Regulus  has  a 
confiderable  affinity  with  fulphur,  yet  all  the  metals, 
except  Gold  and  Mercury,  have  a  greater. 

If  therefore  Iron,  Copper,  Lead,  Silver,  or  Tin, 
be  melted  with  Antimony,  the  metal  employed 
will  unite  with  the  fulphur,  and  feparate  it  from  the 
Regulus. 
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It  mu  ft  be  obferved  that,  as  thefe  metals  have 
fome  affinity  with  the  Regulus  of  Antimony,  the 
Regulus  will  be  joined  in  the  operation  by  fome  of 
the  metal  employed  as  a  Precipitant ,  (fo  thole  fub- 
ftances  are  called  which  ferve  as  the  means  of  fepa- 
ting  two  bodies  from  each  other  ;)  and  therefore  the 
Regulus  procured  in  this  manner  will  not  be  abfo- 
iutely  pure  :  on  this  account  care  is  taken  to  diftin- 
guifh  each  by  adding  the  name  of  the  metal  em¬ 
ployed  in  its  precipitation  ;  and  thence  come  thefe 
titles,  Martial  Regulus  of  Antimony ,  or  only  Martial 
Regulus ,  Regulus  Veneris  ;  and  fo  of  the  reft. 

Antimony  is  employed  widi  advantage  to  feparate 
Gold  from  all  the  other  metals  with  which  j |  may 
be  alloyed.  It  has  been  (hewn  that  all  the  metals 
have  a  greater  affinity,  than  the  reguline  part  of 
Antimony,  w i i n  1  u i  p  h  u  r ,  Gold  only  exceptedj;  which 
Is  incapable  of  çôntra&ing  any  union  therewith  :  and 
therefore,  if  .a  mais  compounded  of  Gold  and  lè¬ 
verai  otner  metals  be  melted  with  Antimony,  every7- 
thing  in  that  mais  winch,  is  not  oold  will  unite  with 
Hit  fulphur  of  the  Antimony.  I  his  union  occalions 
two  ieparations,  to  wit,  that  of  the  jiilphur  of  the 
Antimony  nom  its  reguline  part,  and  that  of  the 
Gr  id  from  the  metals  with  which  it  was  adulterat¬ 
ed  ;  and  from  the  whole  two  new  compounds  arife  j 
nameiy,  a  combination  or  the  metals  with  the  fui- 
piui,  wiiich  being  lighted:  rifes  to  the  fur  face  in 
finion  *,  and  a  metalline  mais  formed  of  the  Gold 
anu  the  reguline  part  of  the  Antimony  united  toge- 
ther,  which  being  much  the  heavieft  finks  to  die 
bottom  There  is  no  difficulty  in  parting  the  Gold 
from  the  Regulus  of  Antimony  with  which  it  is 
alloyed  :  for  the  metalline  mafs  need  only  be  expo- 
fed  t0  a  degree  of  fire  capable  of  diffipatine  into 
vapours  all  the  Semi-metal  it  contains  ;  which  beino- 
very  volatile,  the  operation  is  much  eafier,  and  more 
expedition  fly  Unfilled,  than  if  the  metals  with  which 

the 
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the  Gold  was  debafed  were  to  be  vitrified  on  the 
cupel  ;  without  taking  into  the  account  that  if  Sil¬ 
ver  were  one  of  them,  recourfe  mu  ft  needs  be  had 
to  the  procefs  of  quartation  after  that  of  the  cupel. 

If  equal  parts  of  nitre  and  Antimony  be  mixed 
together,  and  the  mixture  expofed  to  the  a&ion  of 
fire,  a  violent  detonation  enfues  ;  the  nitre  deflagra¬ 
ting  confumes  the  fulphur  of  the  Antimony,  and 
even  a  part  of  its  phlogifton.  After  the  detona¬ 
tion  there  remains  a  greyifti  matter  which  contains 
fixed  nitre,  vitriolated  tartar,  and  the  reguline  part 
of  the  Antimony  in  fome  meafure  deprived  of  its 
phlogifton,  and  half  vitrified  by  the  action  of  the  fire, 
which  is  confiderably  increafed  by  the  deflagra¬ 
tion.  This  matter  is  called  Liver  of  Antimony. 

If  inftead  of  equal  parts  of  nitre  and  Antimony, 
two  parts  of  the  former  be  ufed  to  one  of  the  latter, 
then  the  reguline  part  lofes  much  more  of  its  phlo¬ 
gifton,  and  remains  in  the  form  of  a  yellowifh 
powder. 

Again,  if  three  parts  of  nitre  be  taken  to  one  of 
Antimony,  the  Regulus  is  thereby  entirely  robbed 
of  its  phlogifton,  and  converted  to  a  white  calx  which 
bears  the  name  of  Diaphoretic  Antimony ,  or  Diapho¬ 
retic  Mineral.  The  pearly  matter  may  be  precipi¬ 
tated  by  pouring  an  acid  on  the  faline  fubftances 
which  here  remain  after  the  detonation,  in  the  fame 
manner  as  we  fhewed  above  was  to  be  done  with 
regard  to  the  Regulus. 

In  the  laft  two  operations,  where  the  nitre  is  in 
a  double  or  triple  proportion  to  the  Antimony,  the 
reguline  part  is  found  after  the  detonation  to  be  con¬ 
verted  into  a  calx,  and  not  into  a  half  vitrified 
matter,  which  we  have  feen  is  the  effect  when  equal 
parts  only  of  nitre  and  Antimony  are  ufed.  1  he 
reafon  of  this  difference  is,  that  in  thefe  two  cafes  the 
reguline  part,  being  wholly,  or  almoft  wholly,  de¬ 
prived  of  its  phlogifton,  becomes,  as  was  obferved, 

more 
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more  difficult  to  fufe,  and  confequently  cannot  be* 
gin  to  vitrify  in  the  fame  degree  of  heat  as  that 
which  hath  not  loft  fo  much  of  its  phlogifton.  If 
inftead  of  performing  the  operation  with  equal  parts 
of  nitre  and  Antimony  alone,  a  portion  of  fome 
fubftance  which  abounds  with  phlogifton  be  added, 
in  that  cafe  the  fuiphur  only  of  the  Antimony  will 
be  con  fumed, .  and  the  Regulus  will  remain  united 
with  its  phlogifton  and  feparated  from  its  fuiphur. 

The  Regulus  prepared  in  this  manner  is  abfolute- 
Iy  pure,  becaufe  no  metalline  fubftance  being  em¬ 
ployed,  none  can  mix  with  and  adulterate  it.  It 
is  called  Regulus  of  Antimony  per  fe,  or  only  Regulus 
of  Antimony . 

It  is  true  indeed  that  in  this  operation  much  of 
the  reguline  part  unavoidably  lofes  its  phlogifton 
and  is  calcined,  and  confequently  a  much  fmaller 
quantity  of  Regulus  is  obtained  than  when  metalline 
précipitants  are  employed  :  but  this  lofs  is  eafily  re- 
paiied,  if  it  be  thought  proper,  by  reftoring  to  the 
Calcined  part  its  loft  phlogifton. 

%  Antimony  melted  with  two  parts  of  fixed  alkali 
yields  no  Regulus,  but  is  entirely  dhTolved  by  the 
ialt,  and  forms  with  it  a  rnafs  of  a  reddifh  yellow 

The  reafon  why  no  precipitate  is  produced  on  this 
occalion  is,  that  the  alkali  uniting  with  the  fuiphur 
of  the  Antimony  forms  therewith  the  combination 
called  Liver  of  Sulphur,  which  by  its  nature 
3S  qualified  to  keep  the  reguline  part  diffolved. 

I  his  rnafs  formed  by  the  union  of  the  Antimony 
with  the  alkali  is  foluble  in  water.  If  anv  acid 
whatever  be  dropt  into  this  folution,  there  falls  a  pre¬ 
cipitate  of  a  reddifh  yellow  colour  ;  becaufe  the  acid 
unites  with  the  alkali,  and  forces  it  to  quit  the  mat¬ 
ters  with  which  it  was  combined,  lifts  precipitate 
îs  called  Golden  Sulphur  of  Antimony , 
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As  in  the  operation  -for  preparing  Regulus  of 
Antimony  per  fe,  fome  of  the  nitre  is,  by  the  inflam¬ 
mable  matters  added  thereto,  turned  to  an  alkali  ; 
this  alkali  ieizes  on  part  of  the  Antimony,  _  and 
therewith  forms  a  compound  like  that  juft  described. 
Hence  it  comes  that  if  the  fcoria  formed  in  this  pro- 
cefs  be  diftolved  in  water,  and  an  acid  dropped  into 
the  lolution,  a  true  golden  fulphur  ol  Antimony  is 
thereby  feparated. 

This  union  of  Antimony  with  an  alkali  may  alfo 
be  brought  about  by  the  humid  way  ;  that  is,  by 
making  ufe  of  an  alkali  refolved  into  a  liquor,  and 
boiling  the  mineral  in  it.  The  alkaline  liquor,  in 
proportion  as  it  adds  upon  the  Antimony,  gradually 
becomes  reddifh  and  turbid.  If  left  to  fettle  and 
cool  when  well  faturated  therewith,  it  gradually  de- 
pofltes  the  Antimony  it  had  taken  up,  which  preci¬ 
pitates  in  the  form  of  a  red  powder  :  and  this  preci¬ 
pitate  is  the  celebrated  remedy  known  by  the  name 
of  Hermes  mineral  It  is  plain  that  the  kermes  is 
nearly  the  fame  thing  with  the  golden  fulphur  :  yet 
it  differs  from  it  in  fome  refpe&s  ;  and  elpecially  in 
this,  that  being  taken  inwardly  it  operates  much 
more  gently  than  the  golden  fulphur,  which  is^  a 
violent  emetic.  Nitre  fixed  by  charcoal,  ano  leiol- 
ved  into  a  liquor,  is  the  only  alkali  employed  in  pre¬ 
paring  the  kermes. 

It  was  fhewn  above  that  Regulus  of  Antimony 
mixed  and  diftilled  with  corrofive  fublimate  decom¬ 
pounds  it,  difengages  the  Mercury,  and  joining 
itfelf  to  the  marine  acid  forms  therewith  a  new 
combination,  called  Butter  of  Antimony.  If 
the  fame  operation  be  performed  with  crude  Anti¬ 
mony  inftead  of  its  Regulus,  the  fame  effedls  are 
produced  :  but  then  the  Antimony  itfelf  is  alfo  de- 
compofed  *,  that  is,  the  reguline  part  is  feparated 
from  the  fulphur,  which  being  fet  free  unites  with 
the  Mercury,  now  alfo  at  liberty,  and  thefe  two 


1)2  Elements  of  the 

together  form  a  true  cinabar  called  Cinabar  of  Anti . 
mony. 

§.  II.  Of  Bismut  h. 

Bismuth,  known  alfo  by  the  name  of  Tin-gîafs, 
îs  a  femi-metal,  having  almoft  the  fame  appearance 
as  Regulus  of  Antimony  ;  yet  it  has  a  more 
dufky  call,  inclining  fomewhat  to  red,  and  even 
prefents  fome  changeable  ftreaks,  efpecialîy  after 
lying  long  in  the  air. 

When  expofed  to  the  fire  it  melts  long  before  it 
is  red,  and  confequently  with  lefs  heat  than  Regu¬ 
lus  of  Antimony,  which  does  not  flow,  as  was  fhewn 
above,  till  it  begin  to  be  red-hot.  It  becomes  vo¬ 
latile,  like  all  the  other  femi- metals,  when  acted 
on  by  a  violent  fire  :  being  kept  in  fufion  by  a  pro¬ 
per  degree  of  heat  it  ioies  its  phlogifton  with  its 
metallic  form,  and  turns  to  a  powder  or  a  calx  ; 
and  that  again  is  converted  into  glafs  by  the  conti¬ 
nued  a&ion  of  fire.  The  calx  and  glafs  of  Bifmuth 
may  be  reduced,  like  any  other  metallic  calx,  by 
reftoring  their  phlogifton. 

Bifmuth  mixes  with  all  the  metals  in  fufion,  and 
even  facilitates  the  fufion  of  fuch  as  do  not  other- 
wife  flow  readily.  It  whitens  them  by  its  union, 
and  deftroys  their  malleability. 

It  amalgamates  with  Mercury,  if  they  be  rubbed 
together  with  the  addition  of  water  :  yet  after 
fome  time  thefe  two  metalline  fubftances  defert 
each  other,  and  the  Bifmuth  appears  again  in  the 
form  of  a  powder.  Hence  it  is  plain  that  the  union 
it  contrats  with  Mercury  is  not  perfect  ;  and  yet  it 
it  has  the  Angular  property  of  attenuating  Lead,'  and 
altering  it  in  fuch  a  manner  that  it  afterwards  amal¬ 
gamates  with  Mercury  much  more  perfectly,  fo  as 
even  to  pafs  with  it  tnrough  fhamoy  leather  without 
any  feparation.  1  he  Biimuth  employed  in  making 
this  amalgama  afterwards  feparates  from  it  fponta- 

neoufly, 
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neoufly,  as  ufual  -,  but  the  Lead  ftill  continues  unit¬ 
ed  with  the  Mercury,  and  aiways  retains  the  pro¬ 
perty  thus  acquired. 

The  vitriolic  acid  does  not  diffolve  Bifmuth  :  its 
proper  folvent  is  the  nitrous  acid,  which  diffolves  it 
with  violence,  and  abundance  of  fumes. 

Bifmuth  diflblved  in  the  nitrous  acid  is  precipi¬ 
tated  not  only  by  alkalis,  but  even  by  the  bare  ad¬ 
dition  of  water.  This  precipitate  is  extremely  white, 
and  known  by  the  name  of  Magiftery  of  Bifmuth, 

The  acid  of  lea- fait  and  aqua  régis  like  wife  aft 
upon  Bifmuth,  but  with  lefs  violence. 

This  femi- metal  does  not  fenfibly  deflagrate  with 
nitre  ;  yet  it  is  quickly  deprived  of  its  phlogifton, 
and  turned  into  a  vitrifiable  calx,  when  expofed  with 
it  to  the  action  of  fire. 

It  readily  unites  with  fulphur  in  fufion,  and  forms 
therewith  a  compound  which  appears  to  conflit  of 
needles  adhering  laterally  to  each  other. 

It  may  be  feparated  from  the  fulphur  with  which 
it  is  combined,  by  only  expoflng  it  to  the  fire, 
without  any  additament  ;  for  the  fulphur  is  either 
confumed  or  fublimed,  and  leaves  the  Bifmuth  be¬ 
hind. 

§.  III.  Of  ZlN  c. 

Zinc  to  appearance  differs  but  little  from  Bif¬ 
muth,  and  has  even  been  confounded  w ith  it  by  lè¬ 
verai  authors.  Neverthelefs,  befldes  that  it  has 
fomething  of  a  blueifh  caft,  and  is  harder  than  Bif¬ 
muth,  it  differs  from  it  eflèntially  in  its  properties, 
as  will  prefently  be  fhewn.  Thefe  two  metallic 
fubftances  fcarce  refemble  each  other  in  any  thing, 
but  the  qualities  common  to  all  femi -metals. 

Zinc  melts  the  moment  it  grows  red  in  the  fire, 
and  then  alfo  begins  to  turn  to  a  calx,  which,  like 
any  other  metallic  calx,  may  be  reduced  by  means 
of  the  phlogifton  :  but  if  the  fire  be  considerably 

increafed, 
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iacrealed,  it  fublimes>  flames,  and  burns  like  an  oily 
rnattei  *,  which  is  a  proof  of  the  great  quantity  of 
phlogifton  in  its  compofition.  At  the  fame  time 
abundance  of  flowers  rife  from  it  in  the  form,  of 
white  flakes,  flying  about  in  the  air  like  very  light 
bodies  ;^and  into  this  form  may  the  whole  fubftance 
of  the  Zinc  be  converted.  Several  names  have 
been  given  to  thefe  flowers,  fuch  as  Pompholix, 
Philofophic  Wool.  They  are  fuppofed  to  be  no 
other  than  the  Zinc  itfelf  deprived  of  its  phlogifton  5 
yet  no  body  has  hitherto  been  able  to  refufeitate 
them  in  the  form  of  Zinc,  by  reftoring  their  phlo- 
gifton  according  to  the  methods  ufed  in  the  reduc¬ 
tion  of  metals.  Though  they  rife  in  the  air  with 
very  great  eafe  while  the.  Zinc  is  calcining,  yet  when 
once  formed  they  are  very  fixed  ;  for  they  withftand 
the  utmoft  violence  of  fire,  and  are  capable  of  be¬ 
ing  vitiifted,  especially  if  joined  with  a  fixed  alkali. 
They  are  foluble  in  acids* 

Zinc  unites  with  all  metalline  iuhftances,  except 
Bifmuth.  It  has  this  fingular  property,  that  being: 
mixed  with  Copper,  even  in  a  confiderable  quantity i 
fuch  as  a  fourth  part,  it  does  not  greatly  leflen  the 
dudlility  thereof,  and  at  the  fame  time  communicates 
to  it  a  very  beautiful  colour  not  unlike  that  of 
Cjrold  :  on  which  account  the  compofition  is  fre¬ 
quently  made,  and  produces  what  is  called  Brafs* 

T  his  metal  melts  much  more  eafily  than  Copper 
becaufe  of  the  Zinc  with  which  it  is  alloyed. 

^  *  *  e  exP0^  to  a  great  degree  of  heat,  the  Zinc 
whicn  it  contains  taices  fire,  and  lublimes  in  white 
flowers,  juft  as  when  it  is  pure. 

.  lt  is  t0  be'obferved  that  Brafs  is  duéliîe  only  while 
it  is  cold,  and  not  then  unlefs  the  Zinc  ufed  in 
maxing  it  was  very  pure  ;  otherwife  the  compofition 
will  prove  but  a  Tombac  or  Prince's  Metal ,  having- 
very  htde  malleability.  & 
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Zinc  is  very  volatile,  and  carries  off  with  it  any 
metallic  fubftance  with  which  it  is  fufed,  making  a 
kind  of  fublimate  thereof.  In  the  furnaces  where  they 
fmelt  ores  containing  Zinc,  the  matter  thus  fubfimed 
is  called  cadmia  fornacum ,  to  diftinguifh  it  from  the 
native  cadmia  called  alfo  calamine ,  or  laps  calamina- 
ris  ;  which,  properly  fpeaking,  is  an  ore  of  Zinc, 
containing  a  great  deal  of  that  femi-metal,  together 
with  fome  Iron,  and  a  ftony  fubftance.  The  name 
of  cadmia  fornacam  is  not  appropriated  folely  to  the 
metallic  fublimates  procured  by  means  of  Zinc,  but 
is  given  in  general  to  all  the  metallic  fublimates 
found  in  fmelting  houfes. 

If  a  violent  and  fudden  heat  be  applied  to  Zinc, 
it  fublimes  in  its  metalline  form  -,  there  not  being 
time  for  it  to  burn  and  be  refolved  into  flowers. 

This  femi-metal  is  foluble  in  all  the  acids,  but 
efpecially  in  fpirit  of  nitre,  which  attacks  and  dif- 
folves  it  with  very  great  violence. 

Zinc  has  a  greater  affinity  than  iron  or  copper 
with  the  vitriolic  acid  -,  and  therefore  it  decompounds 
the  green  and  blue  vitriols,  precipitating  thofe  two 
metals  by  uniting  with  the  vitriolic  acid,  with  which 
it  forms  a  metallic  fait  or  vitriol  called  White  Vitriol , 
or  Vitriol  of  Zinc . 

Nitre  mixed  with  Zinc  and  projected  into  a  red- 
hot  crucible  detonates  with  violence,  and  during 
the  detonation  there  rifes  a  great  quantity  of  white 
flowers,  like  thofe  which  appear  when  it  is  calcined 
by  itfelf. 

Sulphur  has  no  power  over  Zinc.  Even  liver 
of  fulphur,  which  dilfolves  all  other  metallic  fub- 
ftances,  contracts  no  union  with  this  femi-metal. 

Meff.  Elellot  and  Malouin  have  bellowed  a  great 
deal  of  pains  on  this  femi-metal.  An  account  of 
their  experiments  is  to  be  found  in  the  Memoirs  of 
the  Academy  of  Sciences. 
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§.  IV.  Of  Regulus  of  Arsenic. 

REGULUS  of  Arfenic  is  the  moft  volatile  of 
all  the  femi-metals.  A  very  moderate  heat  makes 
it  wholly  evaporate,  and  fly  off*  in  fumes  ;  on  which 
account  it  cannot  be  brought  to  fufion,  nor  can  any 
confiderable  maffes  thereof  be  obtained.  It  has  a 
metallic  colour,  fomewhat  refembling  Lead;  but 
it  foon  lofes  its  fplendour  when  expofed  to  the  air. 

xt  unites  readily  enough  with  metallic  fubftances, 
having  the  fame  alnnities  with  them  as  Regulus  of 
Antimony  hath.  It  makes  them  brittle,  and  unmal- 
leabiC.  it  hath  alio  the  property  of  rendering  them 
volatile,  and  greatly  facilitates  their  lcorification. 

It  v C; y  eafiiy  parts  with  its  phlogifton  and  its  me¬ 
tallic  form.  When  expofed  to  the  fire  it  rifes  in  a 
kind  of  lh ining  cryftalline  calx,  which  on  that  ac¬ 
count  looks  more  like  a  faline  matter  than  a  metallic 
caix.  I  o  this  calx  or  thefe  flowers  are  given  the 
nam^s  o f  TVmte  Arfenic ,  Cryftalline  Arfenic ,  and 
moft  commonly  plain  Arfenic. 

I  he  properties  of  this  fubftance  are  very  lingular, 
and  extiemely  different  from  thole  of  any  other  me¬ 
tallic  calx.  .  I-iitherto  it  hath  been  but  little  examin¬ 
ed  ;  and  this  lea  me  to  make  fome  attempts  towards 
difcovering  its  nature,  which  may  be  feen  in  the 
Memoirs  of  the  Academy  of  Sciences. 

Aifenic  differs .  from  every  other  metalline  calx, 
firft,  m  being  volatile  ;  whereas  the  cakes  of  all 
otiicr  metallic  fubftances,  not  excepting  thofe  of  the 
moil  volatile  femi-metals,  fuch  as  Regulus  of  An¬ 
timony  and  Zinc,  are  exceedingly  fixed  •  and  fe- 
condly,  in  having  a  faline  charate,  which  is  not 
founa  in  any  other  metalline  calx. 

.  falj^e  character  of  Arfenic  appears,  firft.  from 
ns  eing  foluble  in  water;  fecondly,  from  its  corro- 
nve  quality,  which  makes  h  one  of  the  moft  vio¬ 
lent 
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lent  poifons  :  a  quality  from  which  the  other  metallic 
fubftances  are  free,  when  they  are  not  combined 
with  ibme  faline  matter.  Regulus  of  Antimony 
muft  however  be  excepted  :  but  then  the  befb  Chy- 
ïnifls  agree  that  this  femi-metal  is  either  nearly  of 
the  fame  nature  with  Arfenic,  or  contains  a  portion 
thereof  in  its  compofition  :  befides,  its  noxious 
qualities  never  difeover  themfelves  fo  plainly  as 
When  it  is  combined  with  fome  acid.  Laftly,  Arfe¬ 
nic  adts  juft  like  the  vitriolic  acid  upon  nitre  ;  that 
is,  it  decompounds  that  neutral  fait,  by  expelling 
it  from  its  alkaline  bails,  of  which  it  takes  pol- 
feffion,  and  therewith  forms  a  new  faline  com¬ 
pound. 

This  combination  is  a  fpecies  of  fait  that  is  per¬ 
fectly  neutral.  When  the  operation  is  performed  in 
a  clofe  veftèl,  the  fait  ftioots  into  cryftals  in  the 
form  of  right-angled  quadrangular  prifms,  ter¬ 
minated  at  each  extremity  by  pyramids  that  are  alfo 
quadrangular  and  right-angled  -,  fome  of  which, 
however,  inftead  of  ending  in  a  point,  are  obtufeas 
if  truncated.  The  confequence  is  different  when 
the  operation  is  performed  in  an  open  veffel  ;  for 
then  nothing  is  obtained  but  an  alkaline  fait  im¬ 
pregnated  with  Arfenic,  which  cannot  be  cryf- 
taliized. 

The  caufe  of  this  different  effedt  is  that,  when 
the  Arfenic  is  once  engaged  in  the  alkaline  balls  of 
the  nitre,  it  can  never  be  feparated  from  it  by  the 
utmoft  force  of  fire,  fo  long  as  it  is  kept  in  a  clofe 
veffel  ;  whereas,  if  you  expofe  it  to  the  fire  without 
that  precaution,  it  readily  feparates  from  it.  This 
property  of  Arlenlc  was  never  before  obferved  by 
any  Chymift,  and  therefore  this  our  new  fpecies  of 
Neutral  arfenical  fait  was  abfolutely  Unknown  till 
lately. 

This  new  fait  pôffeffes  many  lingular  properties, 
the  chief  of  which  are  thefe  :  Firft,  it  cannot  be 
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decompounded  by  the  intervention  of  any  add,  even 
the  flrongefl  acid  of  vitriol  ;  and  this,  joined  to  its 
property  of  expelling  the  nitrous  acid  from  its  bafis, 
fhews  that  it  has  a  very  great  affinity  with  fixed  al¬ 
kalis. 

Secondly,  this  very  fait,  on  which  pure  acids 
have  no  effedl,  is  decompounded  with  the  greatefl 
cafe  by  acids  united  with  metallic  fubflances.  The 
reafon  of  this  phenomenon  is  curious,  and  furnifhes 
us  with  an  inflance  of  what  we  advanced  concerning 
double  affinities. 

If  to  a  folution  of  any  metallic  fubflance  what¬ 
ever,  made  by  any  acid  whatever,  (except  that  of 
Mercury  by  the  marine  acid,  and  that  of  Gold  by 
aqua  régis ,)  a  certain  quantity  of  our  new  fait  dif- 
folved  in  water  be  added,  the  metallic  fubflance  is 
inflantaneoufly  feparated  from  the  acid  in  which  it 
was  diffolved,  and  falls  to  the  bottom  of  the  liquor. 

All  metallic  Precipitates  obtained  in  this  manner 
are  found  to  be  a  combination  of  the  metal  with 
Arfenic  -,  whence  it  necefïarily  follows  that  the  new 
Neutral  Salt  is  by  this  means  decompounded,  its  arfe- 
nical  part  uniting  with  the  metallic  fubflance,  and 
its  alkaline  bafis  with  the  acid  in  which  that  fub¬ 
flance  was  diffolved. 

The  affinities  of  thefe  feveral  bodies  mufl  be  con- 
fidered  as  operating  on  this  occafion  in  the  following 
manner  :  The  adds  which  tend  to  decompound  the 
Neutral  Salt  of  Arfenic,  by  virtue  of  their  affinity 
with  its  alkaline  bafis,  are  not  able  to  accompliffi  it, 
becaufe  this  affinity  is  powerfully  counteracted  by 
that  which  the  Arfenic  has  with  the  fame  alkaline 
bafis,  and  which  is  equal  or  even  fuperiour  to  theirs. 
But  if  thefe  acids  happen  to  be  united  with  a  fub¬ 
flance  which  naturally  has  a  very  great  affinity  with 
the  arfenical  part  of  the  Neutral  Salt,  then,  the 
two  parts  ot  which  this  Salt  confifts  being  drawn 
different  ways  by  two  feveral  affinities  tending  to  le- 
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pârate  them  from  each  other,  the  Salt  will  undergo 
a  decomposition,  which  could  nos:  have  been  effeded 
without  the  help  of  this  fécond  affinity.  Now  as 
metallic  lubllances  have  a  great  affinity  With  Arfe¬ 
nic,  it  is  not  furprifing  that  the  Neutral  Salt  of  arfe¬ 
nic,  which  cannot  be  decompounded  by  à  pure  acid., 
Should  nevertheless  yield  to  an  add  combined  with  a 
metal.  The  decomposition  of  this  Salt,  therefore, 
and  the  precipitation  which  of  courfe  it  produces 
in  metallic  Solutions,  are  brought  about  by  the 
means  of  a  double  affinity  ;  namely,  that  of  the 
acid  with  the  alkaline  bafis  of  the  Neutral  fait,  and 
that  of  the  metal  with  the  arfenical  part  of  that  fait. 

Arfenic  has  not  the  fame  effed  On  fea-falt  as  on 
nitre,  and  cannot  expel  its  acid  i  a  very  Singular 
phenomenon,  for  which  it  is  hard  to  affign  a  reafon  i 
for  the  nitrous  acid  is  known  to  have  a  greater  af¬ 
finity  than  the  marine  acid  With  alkalis*  and  even 
with  the  bafis  of  feaTalt  itfelf. 

Yet  Arfenic  may  be  combined  with  the  balls  of 
fea-falt,  and  a  Neutral  Salt  thereby  obtained,  like 
that  which  refuks  from  the  decomposition  of  nitre 
by  Arfenic  :  but  for  that  purpofe  a  quadrangular 
nitre  mull  be  nrft  prepared,  and  Arfenic  applied 
thereto  as  to  common  nitre. 

The  Salt  produced  by  uniting  Arfenic  with  the 
bafis  of  fea-falt  very  much  refembles  the  Neutral 
fait  of  Arfenic  above  treated  of,  as  well  in  the  fi¬ 
gure  of  its  cryftals  as  in  its  Several  properties. 

Arfenic  prefen ts  another  Singular  phenomenon, 
both  with  the  alkali  of  nitre  and  with  that  of  fea- 
falt  ;  which  is,  that  if  it  be  combined  with  thefe 
Salts  in  a  fluid  Sate,  it  forms  with  them  a  Saline 
compound,  quite  different  from  the  Neutral  Salts  of 
arfenic  which  refait  from  the  decomposition  of  ni¬ 
trous  Salts. 

This  Saline -compound,  which  I  call  Liver  of  Arfe¬ 
nic  t  takes  up  a  much  greater  quantity  of  Arfenic 
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than  is  neceffary  for  the  perfect :  fatu ration  of  the  al¬ 
kali.  It  has  the  appearance  of  a  glue,  which  is  fo 
much  the  thicker  the  more  Arfenic  it  contains.  Its 
fmell  is  difagreeable  ;  it  attracts  the  moifture  of  the 
air,  and  does  not  cryftallize  -,  it  is  eafily  decom¬ 
pounded  by  any  acid  whatever,  which  precipitates 
the  Arfenic  and  unites  with  the  alkali.  Tafily,  the 
effedts  it  produces  on  metallic  folutions  are  different 
from  thole  of  our  neutral  arfenical  faits.  But  the 
bounds  which  I  have  fet  my  f elf  in  this  treatife  will 
not  allow  me  to  be  more  particular.  Such  as  have 
the  curiofity  to  enquire  further  into  the  iubjedt  may 
confult  my  Differtations  on  Arfenic,  publifhed 
among  the  Memoirs  of  the  Academy  of  Sciences. 

Arfenic  is  eafily  reduced  to  a  Regulus.  It  need 
only  be  mixed  with  any  matter  containing  the  phlo- 
gifton,  and  by  the  help  of  a  moderate  heat  a  true 
Regulus  will  fublime.  This  Regulus,  as  was  faid, 
is  very  volatile,  and  calcines  with  the  greateft  eafe  ; 
which  is  the  reafon  why  it  cannot  be  obtained  but 
in  fmall  quantities,  and  alfo  why,  in  order  to  obtain 
maffes  of  it,  fome  have  thought  of  adding  thereto 
feme  metal,  with  which  it  has  a  great  affinity,  fuch 
as  Copper  or  Iron  -,  becaufe  by  joining  with  the 
metal  it  is  partly  fixed  and  refcrained  from  flying 
off.  But  it  is  plain  the  Regulus  obtained  by  this 
means  is  not  pure,  as  it  muft  partake  confiderably 
of  the  metal  employed. 

Arfenic  readily  unites  with  fulphur,  and  rifes 
with  it  in  a  yellow  compound  called  Orpiment . 

Sulphur  cannot  be  feparated  from  Arfenic  but  by 
the  intervention  of  two  bodies  only  ;  to  wit,  a  fixed 
alkali  and  Mercury. 

The  property  which  Mercury  po defies  of  fepa- 
rating  fulphur  from  Arfenic  is  founded  on  this,  that  j 
tliefe  two  metallic  fübftances  are  incapable  of  con¬ 
tracting  any  union  -,  whereas  though  molt  of  the 
other  metals  and  femi-metals  have  a  greater  affinity 
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with  fulphur  than  Mercury  hath,  as  was  fhewn  in 
treating  of  the  decompoiition  of  Cinabar,  neverthe- 
lefs  they  are  all  unable  to  decompound  Orpiment; 
becaufe  fome  of  them  have  as  great  an  affinity 
with  Arfenic  as  with  fulphur  -,  others  have  no  af¬ 
finity  with  either  ;  and  laftly,  fulphur  hath  as  great 
an  affinity  with  Arfenic  as.  with  any  of  them. 

It  muff  be  obferved  that,  if  fixed  alkalis  be  em¬ 
ployed  to  purify  Arfenic  in  this  manner,  no  more 
muft  be  ufed  than  is  neceftary  to  abforb  the  fulphur 
or  the  phlogifton,  of  which  alfo  it  is  their  nature  to 
deprive  Arfènic  ;  for  otherwife,  as  it  has  been 
fhewn  that  Arfenic  readily  unites  with  alkalis,  they 
would  abforb  a  confiderable  quantity  thereof. 


CHAP.  X. 

[  Of  Oil  in  general. 

f  \  I L  is  an  undluous  body,  which  burns  and 
^  confumes  with  flame  and  fmoke,  and  is  not 
foluble  in  water.  It  conflits  of  the  phlogifton 
united  with  water  by  means  of  an  acid.  There  is 
moreover  in  its  compofition  a  certain  proportion  of 
earth,  more  or  lefs  according  to  each  lèverai  fort 
of  Oil.  • 

The  inflammability  of  Oil  evidently  proves  that 
it  contains  the  phlogifton.  That  an  acid  is  one  of 
its  conftituent  principles  many  experiments  demon- 
ftrate,  of  which  thefe  are  the  chief  :  If  certain  Oils 
be  long-  triturated  with  an  alkaline  fait,  and  the  al- 
kali  afterwards  diffolved  in  water,  cryftals  of  a  true 
neutral  fait  will  be  produced  :  fome  metals,  and 
particularly  Copper,  are  corroded  and  rufted  by 
Oils,  juft  as  they  are  by  acids  :  again,  acid  cryftals 

H  3  aie 


2 


Elements  of  the 


-  •■a- 

■ 


are  found  in  fame  Oils  chat  have  been  long  kept; 
This  acid  in  Oil  ferves  undoubtedly  to  unite  its 
phlogiftoa  with  its  water  *s  becaufe  thefe  two  hub- 
'fiances  having  no  affinity  with  each  other  cannot  be 
united  without  the  intervention  of  fuch  a  medium 
as  an  acid',  which  has  an  arffinity  with  both.  As  to 
the  existence  of  water  in  Oils,  .it  appears  plainly 
•when  they  are  decompofed  by  repeated  diffi Hâtions, 
efpeeiaiiy  alter  mixing  them  with  abibrbent  earths. 
Laiily,  when  an  Oil  is  deilroyed  by  burning,  a  cer¬ 
tain  quantity  of  earth  is  conilantly  left  behind. 

We  are  very  fure  that  the  abovementioned  prin¬ 
ciples  enter  into  the  compofmon  of  Oils  ;  for  they 
may  be  obtained  from  every  one  of  them  :  but  it  is 
not  absolutely  certain  that  they  confifl  of  thefe  only, 
and  that  they  do  not  contain  fome  other  principle 
which  may  efcape  our  notice  in  decompofmg  them, 
for  hitherto  it  doth  not  appear,  by  any  experiment 
we  can  depend  on,  that  Oil  was  ever  produced  by 
combining  together  the  principles  herefpecified  :  yet 
fuch  redintegrations  are' the  only  means  we  have  of 
fatisfying  ourfelves  that  we  k,now  all  the  principles 
which  conftitute  a  body. 

Oils  expofed  to  the  lire  in  do fe  veffiels  pafs  over 
almoft  wholly  from  the  containing  veffel  into  any 
other  applied  to  receive  them.  There  remains, 
however,  a  fmall  quantity  of  blaçk  matter,  which  is 
extremely  fixed,  and  continues  unalterable  as  long 
as  it  has  no  communication  with  the  external  air,  be 
the  force  of  the  lire  ever  fo  violent.  This  matter 
is  no  other  than  part  of  the  phlogiflon  of  the  Oil 
united  with  its  mod  fixed  and  groffefi  earth  -,  and 
this  is  what  we  called  Charcoal ,  or  plainly  a  CoaL 

§.  I.  Of  Charcoal, 

When  Oil  happens  to  be  united  to  much  earth,  as 
it  is  in  vegetable  and  animal  bodies,  it  leaves  a  con- 
derable  quantity  of  Coal  or  Charred  matter. 

This 
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This  Coal,  expofed  to  the  fire  in  the  open  air, 
burns  and  waftes,  but  without  blazing  like  other 
combuftible  matters  :  there  appears  only  a  fmali 
blueifh  flame,  but  not  the  lead  fmoke.  Moft  com¬ 
monly  it  only  glows  and  fparkles,  and  fo  gradually 
falls  into  allies,  which  are  nothing  but  the  earth  of 
the  body  combined  with  an  alkaline  fait  in  burnino-. 
This  alkaline  fait  may  be  feparated  from  the  earth, 
by  lixiviating  the  allies  with  water,  which  diflolves 
all  the  fait,  and  leaves  the  earth  quite  pure. 

Charcoal  is  unalterable  and  indeftrudible  by  any 
other  body  but  fire  ;  whence  it  follows,  that  when 
it  is  not  actually  kindled  and  ignited,  the  moft 
powerful  agents,  fuch  as  the  acids,  though  ever  fo 
ftrong  and  concentrated,  have  not  the  leaft  effied 
on  it. 

The  cafe  is  otherwife  when  it  is  lighted,  that  is, 
when  its  phlogifton  begins  to  feparate  from  its 
earth  ;  for  then  the  pure  acid  of  vitriol  being  joined 
therewith  contrads  an  inftantaneous  union  with  its 


phlogifton,  and  evaporates  in  a  volatile  fulphureous 
fpirit.  If  the  vitriolic  acid,  inftead  of  being  ap¬ 
plied .  quite  pure,  be  firft  clogged  with  fome  bafis, 
elpecially  an  alkaline  one,  it  quits  that  bafis,  enters 
into  a  more  intimate  union  with  the  phlogifton  of 
the  burning  Coal,  and  fo  forms  an  adual  fulphur, 
with  which  the  alkali  now  unites  and  formsahepar. 

The  pure  acid  of  fea-falt  hath  not  been  obferved 
to  ad  in  the  leaft  upon  Charcoal,  efpecially  when  it 
is  not  on  fire.  But  when  this  acid  is  incorporated 
with  an  alkaline  or  metallic  bafis,  and  combined 
according  to  a  peculiar  prccefs  with  burning  Char¬ 
coal,  it  in  like  manner  quits  its  bafis,  unites  with 
the  phlogifton,  and  therewith  forms  a  Phofphorus, 
of  which  we  have  already  taken  notice. 

Nor  has  the  pure  nitrous  acid  any  effed  on  a 
charred  Coal,  even  when  ignited:  and  fo  far  is  it 
from  being  able  to  kindle  a  cold  one,  that  when 
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poured  on  a  live  one,  it  extinguifhes  it  like  water/ 
ut  when  this  acid  is  united  with  a  bafis,  it  quits  it 
rapidiy  as  foon  as  it  touches  a  burning  coal,  and 
ruines  violently  into  an  union  with  the  phlogifton 
thereof.  Prom  this  union  there  probably  arifes,  as 
w^faiu  before,  a  kind  of  fulphur  or  phofphorus, 
wnich  is  io  inflammable  as  to  be  dedroyed  by  the 
fire  the  very  moment  it  is  generated. 

I  he  acids  of  nitre  and  vitriol  aft  upon  Oils ,  but 
very  differently,  according  to  the  quantity  of 
phlegm  they  contain.  If  they  be  weakened  with 
much  water,  they  have  no  edecff  at  all  upon  Oils  ; 
n  tney  contain  little  water,  or  be  dephlegmated  to 
a  certain  degree,  they  difibjve  them  with  heat,  and 
with  them  form  compounds  of  a  thick  confidence, 
.Ac.ds  thus  comoined  in  a  confiderable  proportion 
with  Oils  render  tnem  ibluble  in  water. 


§.  IL  Of  Soap. 

Alkalis  alfo  have  the  fame  property.  When  an 
Oil  is  combined  with  an  acid  or  an  alkali  in  fuch  a 
manner  that  the  compound  refulting  from  their 
union  is  foluble  in  water  ;  fuch  a  compound  may  in 
genei  al  be  called  a  Soap.  Soap  itfelf  hath  the  pro- 

peuy  o(  rendering  fat  bodies  in  fome  meafure foluble 

m  water  ;  on  which  account  it  is  very  ufeful  for 
icon nng  or  oeandng  any  thing  greafy. 

Ojjy  ana  inline  fubfUnces,  combined  together,  ob-» 
.  ve  tee  fame  general  rules  as  all  other  combina¬ 
tions  ;  that  is,  they  mutually  communicate  the 
properties  belonging  to  each  :  thus  Oils,  which  na- 
t in  any  are  not  foluble  in  water,  acquire  by  their 
union  with  faline  matters  the  property  of  difiolving 
Lucrein  j  and  faits  lofe  by  their  conjunction  with 
Oiis  part  of  their  natural  tendency  to  incorporate 
v/ilu  water  $  fo  tnat  while  they  ferve  to  conftitute 
Soap  they  do  not,  as  before,  attract  the  moifture  of 
füc  an,  or,  and  in  like  manner,  as  they  are  not 
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inflammable,  they  confiderably  leffen  the  inflamma¬ 
bility  of  the  Oils  combined  with  them. 

Acid  Soaps  are  decompounded  by  alkalis,  as  al¬ 
kaline  Soaps  are  by  acids,  according  to  the  Venera! 
rules  of  affinities.  ° 

The  acids  of  nitre  and  vitriol,  when  highly  con¬ 
centrated,  diflblve  Oils  with  fuch  violence  "as  to  heat 
them,  make  them  black,  burn  them,  and  even  fet> 
them  on  fire.  How  fea-falt  affedls  Oils  is  not  yet 
fufficiently  afcertained.  } 

All  Oils  have  the  property  of  diflolving  fulphur  * 
which  is  not  at  all  furprifing,  feeing  each  of  its  com-- 
ponent  principles  hath  an  affinity  with  Oil. 

It  is  alfo  a  property  common  to  all  Oils  to  be¬ 
come  more  fluid,  fubtile,  light,  and  limpid  the 
oftener  they  are  diddled.  On  the  contrary,  by  be¬ 
ing  incorporated  with  faline  fubdances  they  acquire 
a  greater  confidence,  and  fometimes  form  com¬ 
pounds  that  are  almod  folid. 


CHAP.  XL 

Of  the  fever  al forts  of  Oils. 

OILS  are  diflinguifhed  by  the  fubftances  from 
which  they  are  drawn  :  and  as  Oils  are  ex- 
tradted  from  minerals,  from  vegetables,  and  from 
animals,  there  are  of  courte  Mineral,  Vegetable,  and 
Animal  Oils. 

§.  I.  Of  Mineral  Oils. 

In  the  bowels  of  the  earth  we  find  but  one  fort  of 
Oil,  called  Petroleum  :  its  fmell  is  flrong  and  not 
difagreeable,  and  its  colour  fometimes  more  fome¬ 
times 
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times  Id's  yellow.  There  are  certain  mineral  fiib- 
fiances  which  yield  by  diftillation  a  great  deal  of 
Oil  very  like  Petroleum.  This  fort  ol  fubftance 
is  called  a  Bitumen ,  and  is,  indeed,  nothing  but  an 
Oil  rendered  confident  and  folid  by  being  combined 
with  an  acid  ;  as  appears  from  he  rice  4  that  by  unit¬ 
ing  Petroleum  with  the  acid  of  vitriol  we  can  pro-' 
duce  an  artificial  Bitumen  very  like  the  native. 

§.  II.  O/Vegetable  Oils. 

Vegetable  fubftances  yield  a  very  great  quantity 
and  variety  of  Oils  :  for  there  is  not  a  plant,  or  part 
of  a  plant,  that  does  not  contain  one  or  more  forts 
thereof,  generally  peculiar  to  itfelf,  and  different 
from  all  others. 

By  expreffion  only,  that  is,  by  bruizing  and 
fqueezing  vegetable  fubftances,  particularly  certain 
fruits  and  feeds,  a  fort  of  Oil  is  obtained  which  has 
fcarce  any  frnell  or  tafte.  Oils  of  this  fort  are  very 
mild  and  uncftuous  ;  and,  becaufe  in  this  refpeà 
they  refembie  animal  fat  more  than  the  reft  do,  they 
are  called  Fat  Oils . 

Thefe  Oils,  being  expofed  to  the  air  for  fome 
time,  fooner  or  later  grow  thick,  acquire  an  acrid 
tafte,  and  a  ftrong  difagreeable  frnell.  Some  of 
them  congeal  with  the  fmallcft  degree  of  cold.  This 
fort  of  Oil  is  well  adapted  to  diffolve  thofe  prepa¬ 
rations  of  Lead  called  Litharge  and  Minium,  with 
which  they  form  a  thick  tenacious  fubftance,  that  is 
tifed  for  the  bafts  of  almoft  all  plaifters.  They  aL 
fo  diffolve  Lead  in  its  metalline  form  ;  but  not  fo 
eaftly  as  the  forts  of  calx  abovementioned  ;  pro¬ 
bably  becaufe  its  body  is  not  fo  much  opened,  nor 
its  parts  fo  divided. 

By  expreffion  alone  we  alfo  procure  from  certain 
vegetable  fubftances  another  fort  of  Oil,  which  is 
thin,  limpid,  volatile,  of  a  pungent  tafte,  and  re¬ 
tains  the  frnell  of  the  vegetable  that  yielded  it  ;  on 

which 
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•which  account  it  is  called  an  Effential  Oil.  Of  this 
this  there  are  feveral  forts,  differing  from  one  an¬ 
other,  like  the  Fat  Oils,  according  to  the  fubjeds 
from  which  they  are  obtained. 

We  muft  obferve  that  it  is  very  difficult,  or  ra¬ 
ther  in  moft  cafes  impoffible,  to  force  from  the 
greateft  part  of  vegetables,  by  expreffion  only,  all  the 
effential  Oil  they  contain.  For  this  purpofe  there¬ 
fore  recourfe  muft  be  had  to  fire  :  a  gentle  heat,  not 
exceeding  that  of  boiling  water,  will  extrad  all  the 
effential  Oils  of  a  vegetable  •,  and  this  is  the  moft 
ufual  and  moft  convenient  way  of  procuring  them. 

The  fat  Oils  cannot  be  obtained  by  the  fame  me¬ 
thod  :  thefe  being  much  lefs  volatile  than  the  ef¬ 
fential  Oils  require  a  much  greater  degree  of  heat  to 
raife  them  ;  which  neverthelefs  they  cannot  bear 
without  being  much  fpoiled  and  entirely  changed  in 
their  nature,  as  fhall  prefently  be  fhewn.  Alfoils, 
therefore,  which  rife  with  the  heat  of  boiling  water^ 
and  fuch  alone,  lhould  be  called  Effential  Oils. 

Efiential  Oils,  in  a  longer  or  fhorter  time,  ac¬ 
cording  to  the  nature  of  each,  lofe  the  fragrant 
fmell  they  had  when  newly  diftilled,  and  acquire 
another  which  is  ftrong,  rancid,  and  much  lefs 
agreeable  :  they  alfo  lofe  their  tenuity,  becoming 
thick  and  vifeid  ;  and  in  this  ftate  they  greatly  re- 
femble  thole  fubftances  abounding  in  Oil  which 
flow  from  certain  trees,  and  which  are  called  Bal- 
fams  or  Re  fins,  according  as  they  are  lefs  or  more 
confiftent. 

Balfams  and  Refins  are  not  foluble  in  water. 
But  there  are  other  Oily  compounds  which  likewife 
run  from  trees  ;  and,  though  not  unlike  Refins,  are 
however  foluble  in  water.  Thefe  are  called  Gums  ; 
and  their  property  of  diffolving  in  water  arifes  from 
their  containing  more  water  and  more  fait  than  Re- 
fins  have;  or  at  leaft  their  faline  parts  are  lefs 
clogged  and  more  difengaged. 

i 
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Balfams  and  Refins  diftilled  wirh  the  heat  of  boil¬ 
ing  water  yield  great  quantities  of  a  limpid,  fubtle, 
odoriferous,  and,  in  one  word,  efifentiai  Oil.  In 
the  dill  there  remains  a  fubdance  thicker  and  more 
confident  than  the  Balfam  or  Refin  was  before  dif- 
tillation.  The  fame  thing  happens  to  efifentiai  Oils 
which  by  length  of  time  have  acquired  a  confidence, 
and  are  grown  refinous.  If  they  be  redidilled,  they 
recover  their  former  tenuity,  leaving  behind  them  a 
.remainder  thicker  and  more  refinous  than  they  them- 
felves  were.  T  his  fécond  didillation  is  called  the 
Rectification  of  an  Oil. 

It  mud  be  obferved  that  an  efifentiai  Oil,  com¬ 
bined  with  an  acid  ftrong  enough  to  dififolve  it,  im¬ 
mediately  becomes  as  thick  and  refinous,  in  confe- 
querice  of  this  union,  as  if  it  had  been  long  ex- 
pofed  to  the  air  :  which  proves  the  confidence  an 
Oil  acquires  by  long  keeping  to  be  owing  to  this, 
that  its  lighted  and  lefs  acid  parts  being  evaporated, 
the  proportion  of  its  acid  to  the  remainder  is  fo  in- 
creafed  that  it  produces  therein  the  fame  change  as 
an  additional  acid  mixed  with  the  Oil  would  have 
wrought  before  the  evaporation. 

This  alio  fhews  us  that  Balfams  and  Refins  are 
only  efifentiai  Oils  combined  with  a  great  proportion 
of  acid,  and  thereby  thickened. 

If  vegetable  fubdances,  from  which  no  more  ef- 
fential  Oil  can  be  drawn  by  the  heat  of  boiling 
water,  be  expofed  to  a  dronger  heat,  they  yield 
an  additional  quantity  of  Oil  ;  but  it  is  thicker  and 
heavier  than  the  efifentiai  Oil.  Thefe  Oils  are  black, 
and  have  a  very  difagreeable  burnt  fmell,  which 
hath  made  them  be  called  Fetid ,  or  Empyreumatic 
Oils.  T  hey  are  moreover  very  acrid. 

It  mud  be  obferved  that,  if  a  vegetable  fubdance 
be  expofed  to  a  degree  of  heat  greater  than  that 
of  boiling  water,  before  the  fat  or  the  efifentiai  Oil 
is  extra&ed  from  it,  an  empyreumatic  Oil  only  will 

then 
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then  be  obtained  ;  became  both  the  fat  and  efi'ential 
Oils,  when  expoféd  to  the  force  of  fire,  are  thereby 
burnt,  rendered  acrid,  acquire  a  fmell  of  the  fire, 
and,  in  a  word,  become  truly  empyreumatic! 
1  here  is  ground  to  think  that  an  empyreumatic  Oil 
is  nothing  elle  but  an  effential  or  fat  Oil  burnt  and 
fpoiled  by  the  fire,  and  that  no  other  Oil  befides 
thefe  two  exifts  naturally  in  vegetables. 

Empyreumatic  Oils,  diftilled  and  rectified  feveral 
times  by  a  gentle  heat,  acquire  by  every  diftillation 
a  greater  degree  of  tenuity,  lightnefs,  and  limpi¬ 
dity.  By  this  means  alfo  they  lofe  fomethino-  0f 
their  difagreeable  odour;  fo  that  they  gradually 
come  nearer  and  nearer  to  the  nature  of  efi'ential 
Oils  :  and  if  the  rectifications  be  often  enough  re¬ 
peated,  ten  or  twelve  times  for  inftance,  they  be¬ 
come  perfectly  like  thofe  Oils  ;  except  that  their 
fmell  will  never  be  fo  agreeable,  nor  like  that  of 
the  fubftances  from  which  they  were  obtained. 

bat  OiiS  may  alfo  be  brought  by  the  fame  means 
to  refemble  efièntial  Oils  idaut  neither  efiential  nor 
empyreumatic  Oils  are  capable  of  acquiring  the  pro¬ 
perties  of  fat  Oils. 

-*  *  r  ♦'  ’  '  '  7 

§.  III.  Of  A  N  I  M  A  L  Oils. 
Distillation  procures  us  confiderable  quantities 
of  Oil  from  all  the  parts  of  animal  bodies,  and 
specially  from  their  fat.  This  Oil  at  firft  is  not 

vel7r  anc^  is  extremely  fetid  :  but  by  many 
reCtincations  it  gradually  acquires  a  great  degree  of 
clearnefs  and  tenuity,  and  at  the  fame  time  lofes 
much  of  its  difagreeable  odour.  Animal  Oils,  thus 
rendered  thin  and  fluid  by  a  great  number  of  recti¬ 
fications,  have  the  reputation  of  being  an  excellent 
medicine,  and  a  fpecific  in  the  epilepfy. 
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CHAP.  XII. 


Of  Fermen  tat  ion  in  general. 


Y  Fermentation  is  meant  an  inteftine  motion* 


i  3  which,  arifing  fpontaneoufiy  among  the  in- 
fènfible  parts  of  a  body,  produces  a  new  dilpofitioit 
and  a  different  combination  of  thofe  parts. 

To  excite  a  Fermentation  in  a  mixt  body  it  is  ne- 
ceffary  firft,  that  there  be  in  the  compofition  of  that 
mixt  a  certain  proportion  of  watery,  faline,  oily, 
and  earthy  parts  :  but  this  proportion  is  not  yet  fuf- 
ficiently  aicertained.  Secondly,  it  is  requifite  that 
the  body  to  be  fermented  be  placed  in  a  certain  de» 
gree  of  temperate  heat  :  for  much  cold  obftrudts 
fermentation  j  and  too  much  heat  decompofes  bo^ 
dies.  Laftly,  the  concurrence  of  the  air  is  alfo  ne- 
ceffary  to  fermentation. 

All  vegetable  and  animal  fubftances  are  fufceptible 
of  Fermentation,  becaufe  all  of  them  contain  in  a 
due  proportion  the  principles  above  fpecified.  How¬ 
ever,  many  of  them  want  the  proper  quantity  of 
water,  and  cannot  ferment  while  they  remain  in 
fuch  a  ftate  of  drynefs.  But  it  is  eafy  to  fupply 
that  defefr,  and  fo  render  them  very  apt  to  fer¬ 
ment. 

With  refpedt  to  minerals  properly  fo  called  (that 
is,  excluding  fuch  vegetable  and  animal  fubftances 
as  may. have  lain  long  buried  in  the  earth)  they  are 
not  fubje<ft  to  any  Fermentation  ;  at  leaft  that  our 


fenfes  can  perceive. 


There  are  three  forts  of  Fermentation,  diftinguiftied 
from  one  another  by  their  feveral  productions.  The 
firft  produces  wines  and  fpirituous  liquors  \  for 


which 
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which  reafon  it  is  called  the  Vinous  or  Spirituous 
Fermentation  :  the  refulc  of  the  fécond  is  an  acid  li« 
cjuor  \  and  therefore  it  is  called  the  Acetous  Fermen¬ 
tation:  and  the  third  generates  an  alkaline  fait  ; 
which,  however,  differs  from  the  alkaline  faits  hi¬ 
therto  treated  of,  in  this  refped  chiefly  that,  inflead 
of  being  fixed,  it  is  extremely  volatile  :  this  Jafl 
fort  takes  the  name  of  the  P utrid  or  Putrefactive 
Fermentation «  We  fhall  now  confider  thefe  three 

forts  of  Fermentation  and  their  effects  a  little  more 
particularly. 

Thefe  three  forts  of  Fermentation  may  take  place 
fucceflively  in  the  fame  fubjed  ;  which  proves  them 
to  be  only  three  different  degrees  of  fermentation, 
all  proceeding  from  one  and  the  fame  caufe,  rather 
than  three  dift  ind  fermentations.  Thefe  decrees  of 
fermentation  always  follow  the  order  in  which  we 
have  here  placed  them. 


CHAP.  XIII. 

Of  the  Spirituous  Fermentation. 

THE  juices  of  almoft  all  fruits,  all  faccharine 
vegetable  matters,  all  farinaceous  feeds  and 
grains  of  every  kind,  being  diluted  with  a  Efficient 
quantity  of  water,  are  proper  fubjeds  of  Spirituous 
x  ermentation.  If  fuch  liquors  be  expoled,  in  vef- 
îels  (lightly  flopped,  to  a  moderate  degree  of  heat, 
they  beg;n  in  fome  time  to  grow  turbid  ;  there 
ariles  infenfibly  a  fmall  commotion  among  their 
parts,  attended  with  a  hiffing  noife  ;  this  by  little 
and  little  increafes,  till  the  grofïèr  parts  appear,  like 
little  feeds  or  grains,  moving  to  and  fro,1  agitated 
among  themfelves,  and  thrown  up  to  the  lurface. 
At  the  fame  time  fome  air  bubbles  rife,  and  the 

liquor 
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liquor  acquires  a  pungent,  penetrating  fmelî,  occd* 
iioned  by  the  very  lubtile  vapours  which  exhale 
from  it. 

Thefe  vapours  have  never  yet  been  colledled,  in 
order  to  examine  their  nature;  and  they  are  known 
only  by  their  noxious  effeds.  They  are  fo  actively 
pernicious,  that  if  a  man  comes  ralhly  into  a  dole 
place,  where  large  quantities  of  liquors  are  ferment¬ 
ing,  he  fuddenly  drops  down  and  expires,  as  if  he 
were  knocked  on  the  head. 

When  thefe  feveral  phenomena  begin  to  go  off, 
it  is  proper  to  Hop  the  fermentation,  if  a  very  fpi- 
rituous  liquor  be  required  :  for  if  it  be  fuffered  to 
continue  longer,  the  liquor  will  become  acid,  and 
from  thence  proceed  to  its  laft  flage,  that  is,  to  pu¬ 
trefaction  .  This  is  done  by  flopping  the  containing 
veffels  very  clofe,  and  removing  them  into  a 
cooler  place.  Then  the  impurities  precipitate,  and 
fettling  at  the  bottom  leave  the  liquor  clear  and 
tranfparent  :  and  now  the  palate  difcovers  that  the 
fweet,  faccharine  tafte  it  had  before  fermentation  is 
changed  to  an  agreeable  pungency  which  is  not 
acid. 

Liquors  thus  fermented  are  in  general  called 
Wines  :  for  though  in  common  life  that  word  pro¬ 
perly  fignifies  the  fermented  juice  of  grapes  only, 
and  particular  names  are  given  to  the  fermented 
juices  of  other  vegetable  fubftances  ;  as  that  ob¬ 
tained  from  Apples  is  called  Cyder  ;  that  made  from 
malt  is  called  Beer  :  yet  in  Chymiftry  it  is  of  ufe  to 
have  one  general  term  denoting  every  liquor  that 
has  undergone  this  firfl  degree  of  fermentation. 

By  diftillation  we  draw  from  Wine  an  inflam¬ 
mable  liquor,  of  a  yellowifh  white  colour,  light, 
and  of  a  penetrating,  pleafant  fmell.  This  liquor 
is  the  truly  fpirituous  part  of  the  wine,  and  the 
produdl  of  fermentation.  1  hat  which  comes  off  in 
the  firfl;  diflillation  is  commonly  loaded  with  much 

phlegm 
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phlegm  and  fome  oily  parts,  from  which  it  may  be 
afterwards  freed.  In  this  ftate  it  goes  by  the  name 
of  Brandy  ;  but  when  freed  from  thefe  heteroge¬ 
neous  matters  by  repeated  diftillations,  it  becomes 
ftill  clearer,  lighter,  more  fragrant,  and  much 
more  inflammable,  and  then  is  called  Spirit  of  Wine , 
and  Rectified  Spirit  of  Wine>  or  Ardent  Spirit s,  if 
confiderably  purified.  The  properties  which  di- 
ftinguifh  an  Ardent  Spirit  from  all  other  fubftances 
are  its  being  inflammable;  its  burning  and  confuming 
entirely,  without  the  leaf;  appearance  of  fmoke  or 
fuliginofity  ;  its  containing  no  particles  reducible  to  a 
coal  ;  and  its  being  perfectly  mifcible  with  water. 
Ardent  Spirits  are  lighter  and  more  volatile  than 
any  of  the  principles  of  the  mixts  from  which  they 
were  produced,  and  conlequently  more  fo  than  the 
phlegm,  the  acid,  and  the  oil  of  which  they  them- 
felves  confift.  This  arifes  from  a  particular  difpo- 
fition  of  thefe  principles,  which  are  in  a  Angular 
manner  attenuated  by  fermentation,  and  thereby 
rendered  more  fufceptible  of  expanfion  and  rarefac¬ 
tion. 

Ardent  fpirits  are  fuppofed  to  be  the  natural  fob 
vents  of  oils  and  oily  matters.  But  it  is  very  re¬ 
markable  that  they  difiolve  eflential  oils  only, 
without  touching  the  fat  of  animals,  or  the  fat  oils 
obtained  from  vegetables  by  expreflion  ;  yet  when 
thefe  oils  have  once  undergone  the  action  of  fire, 
they  become  foluble  in  fpirit  of  wine,  and  even  ac¬ 
quire  a  new  degree  of  folubility  every  time  they  are 
diftilled.  It  is  not  fo  with  eflential  oils,  which  can 
never  be  rendered  more  foluble  in  ardent  fpirits  than 
they  are  at  firfl  ;  and  are  fo  far  from  acquiring  a  new 
degree  of  folubility  every  time  they  are  diftilled, 
that  on  the  contrary  they  even  in  fome  meafure  lofe 
that  property  by  repeated  rebtifications. 

I  have  taken  fome  pains  to  find  out  the 
caufes  of  thefe  Angular  eftebts,  and  the  refult  of 
Vol.  I.  I  mv 
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my  enquiries  is  publifhed  among  the  Memoirs  of 
the  Academy  of  Sciences  for  the  year  1745.  I 
therein  confider  ardent  fpirits  as  confifting  of  an 
oil,  or  at  lead  a  phlogidon,  mixed  with  a  portion 
of  water,  in  which  it  is  rendered  folubie  by  means 
of  an  acid.  This  being  laid  down,  I  fhew  that  the 
inability  of  fpirit  of  wine  to  diifolve  fome  oils  mu  ft 
be  imputed  to  its  aqueous  part,  in  which  oils  are  not 
naturally  folubie  without  the  intervention  of  a  fait  : 
and  that  the  power  which  this  fpirit  exerts  in 
diffoiving  other  oils  with  eafè,  fuch  as  efîèntial  oils, 
mud  in  all  probability  be  owing  to  this,  that  in 
thefe  oils  it  meets  with  the  necelfary  faline  me¬ 
dium,  that  is,  with  an  acid,  which  numberlefs 
experiments  fhew  they  actually  contain. 

On  the  other  hand,  I  there  prove  that  the  acid  in 
efîèntial  oils  is  fliperabundant,  and  in  fome  fort  fo¬ 
reign  to  their  nature,  or  that  it  is  but  (lightly  con¬ 
nected  with  them,  and  in  part  deferts  them  every 
time  they  are  diddled  ;  which  renders  them  lefs  fo¬ 
lubie  after  every  new  rectification  :  whereas,  on  the 
contrary,  the  fat  expreffed  oils  in  their  natural  date 
give  not  the  lead  fign  of  acidity  -,  but  the  action  of 
fire  upon  them  difcovers  an  acid  which  was  not  per¬ 
ceivable  before.  Hence  I  conjecture  that  thefe  oils 
contain  no  more  acid  than  is  jud  necelfary  to  condi- 
tute  them  oils  ;  that  this  acid  is  intimately  blended 
with  their  other  component  parts  ;  that  it  is  fo 
fheathed  and  entangled  by  thefe  parts  as  to  be  in¬ 
capable  of  exerting  any  of  its  properties  ^  and  that 
on  this  account  thefe  oils  in  their  natural  date  are 
not  folubie  in  fpirit  of  wine  :  but  that  the  difpofition 
of  their  parts  being  gradually  changed  by  the  fire, 
and  their  acid,  being  by  that  means  fet  more  and 
more  at  liberty,  at  length  recovers  its  properties, 
and  particularly  that  of  rendering  the  oily  parts  fo¬ 
lubie  in  an  aqueous  mendruum  :  and  hence  it  fol¬ 
lows  that  the  fat  oils  become  fo  much  the  more  fo¬ 
lubie 
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lubie  in  fpirit  of  wine  the  oftener  they  are  expofed  to 
the  a&ion  of  fire. 

Spirit  of  wine  doth  not  diffolve  fixed  alkalis  ;  or 
at  lead  it  takes  up  but  a  very  fmall  quantity  thereof; 
and  hence  ardent  fpirits  may  be  freed  from  much  of 
their  phlegm  by  means  of  thefe  faits  thoroughly 
dried  :  for  as  they  ftrongly  imbibe  moifture,  *and 
have  even  a  greater  affinity  than  ardent  fpirits  with 
water,  if  a  fixed  alkali  well  exficcated  be  mixed  with 
fpirit  of  wine  that  is  not  perfectly  dephlegmated, 
the.  alkali  immediately  attracts  its  fuperfiuous 
moifture,  and  is  thereby  refolved  into  a  liquor, 
which  on  account  of  its  gravity  defcends  to  the 
bottom  of  the  veffel.  The  fpirit  of  wine,  which 
fwims  a-top,  is  by  thismeans  as  much  dephlegmated, 
and  as  dry,  as  if  it  had  been  rectified  by  feveral  di¬ 
stillations.  As  it  takes  up  fome  alkaline  particles 
in  this  operation,  it  is  thereby  qualified  to  diffolve 
oily  matters  with  the  greater  facility.  When  recti¬ 
fied  in  this  manner  it  is  called  ‘Tartarifed  Spirit  of 
Wine , 

Yet  fpirit  of  wine,  even  when  rectified  to  an 
alcohol,  is  not  capable  of  diffolving  all  oily 
matters.  Thole  named  Gums  will  by  no  means  en¬ 
ter  into  any  fort  of  union  therewith  ;  but  it  readily 
diffolves  molt  of  thofe  which  are  known  by  the  ap¬ 
pellation  of  Refins.  When  it  has  diffolved  a  cer¬ 
tain  proportion  of  refinous  particles  it  acquires  a 
greater  confidence,  and  forms  what  is  called  a  Spirit- 
Varnijh ,  or  a  Drying  Varnijh ,  becaufe  it  foon  dries. 
This  Varnifh  is  fubjeCt  to  be  damaged  by  water. 
Many  forts  thereof  are  prepared,  differing  from  each 
other  according  to  the  different  refins  employed, 
or  the  proportions  in  which  they  are  ufed.  Moft 
of  thefe  Varnifhes  are  tranfparent  and  colourlefs. 

Such  bitumens  or  refins  as  fpirit  of  wine  wijl 
not  touch  are  diffolved  in  oils  by  means  of  fire,  and 
then  form  another  kind  of  Varnifh  which  water  does 

I  z  not 
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not  hurt.  Thefe  Varnifhes  are  ufually  coloured,  and 
require  much  longer  time  to  dry  than  the  Spirit- 
Varniffies  :  they  are  called  Oil-V amijhes . 

Spirit  of  wine  hath  a  much  greater  affinity  with 
water  than  with  oily  matters  ;  and  therefore  if  a  fo- 
lution  of  any  oil  or  refin  in  fpirit  of  wine  be 
mixed  with  water,  the  liquor  immediately  growls 
turbid,  and  acquires  a  whitifh  milky  colour,  owing 
entirely  to  the  oily  parts  being  feparatecl  from  the 
fpirituous  menftruum  by  the  acceffion  of  water,  and 
too  finely  divided  to  appear  in  their  natural  form. 
But  if  the  liquor  Hand  fome  time  quiet,  feveral  of 
thefe  particles  unite  together,  and  gradually  acquire  a 
bulk  Sufficient  to  render  them  very  perceptible  to  the 
eye. 

Acids  have  an  affinity  with  fpirit  of  wine,  and 
may  be  combined  with  it.  By  this  union  they  lofe 
moft  of  their  acidity,  and  on  that  account  are  faid 
to  be  Dulcified.  But  as  thefe  combinations  of  acids, 
efpecially  of  the  vitriolic  acid,  with  fpirit  of  wine 
furniffi  fome  new  produftions  of  very  fingular  pro¬ 
perties,  and  as  an  examination  thereof  may  throw 
much  light  on  the  nature  of  ardent  fpirits,  it  will 
not  be  arnifs  to  take  notice  of  them  in  this  place, 
and  confider  each  of  them  particularly. 

One  part  of  highly  concentrated  oil  of  vitriol  be¬ 
ing  mixed  with  four  parts  of  well  dephlegmated 
fpirit  of  wine,  there  arifes  immediately  a  confider- 
able  ebullition  and  efiervefcence,  attended  with  great 
heat,  and  abundance  of  vapours,  which  fmell  plea- 
fantly,  but  are  hurtful  to  the  lungs.  At  the  fame 
time  is  heard  a  luffing  like  that  produced  by  a  piece 
of  red-hot  iron  plunged  in  water.  Indeed  it  is  pro¬ 
per  to  mix  the  liquors  very  gradually;  for  otherwife 
the  vefifels  in  which  the  operation  is  performed  will 
be  in  great  danger  of  breaking. 

If  the  two  liquors  thus  mixed  be  diftilled  with  a 
very  gentle  heat,  there  rifes  find  a  fpirit  of  wine  of 
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a  moft  penetrating  and  grateful  odour  :  when  about 
half  thereof  is  come  over,  what  follows  has  a  quicker 
and  more  fulphureous  fine]],  and  is  alfo  more  loaded 
with  phlegm.  When  the  liquor  begins  to  boil  a 
little,  there  comes  off  a  phlegm  which  fmells  very 
ftrong  of  fulphur,  and  grows  gradually  more  acid 
On  this  phlegm  floats  a  fmall  quantity  of  a  very 
light  and  very  limpid  oil.  In  the  frill  there  remains 
a  thick,  blackifh  lubflance,  fomewhat  like  a  refin 
01  bitumen.  Fiom  this  lubflance  may  be  feparated 
a  good  deal  of  a  vitriolic  but  fulphureous  acid. 
When  that  is  extra&ed,  there  remains  a  black  mafs 
like  a  chaired  coal,  which  being  put  into  a  crucible 
and  expofed  to  a  violent  heat  leaves  a  fmall  portion 
of  earth,  very  fixed,  and  even  vitrifiable. 

Bv  rectifying  the  ardent  fpirit,  which  came  over 
in  difbilling  the  abovementioned  mixture,  a  very 
lingular  liquor  is  obtained,  which  differs  eflentially 
both  from  oils  and  from  ardent  fpirits,  though  in 
certain  refpe&s  it  refembles  them  both.  This  li¬ 
quor  is  known  in  Chymiftry  by  the  name  o î  Æther ^ 
and  its  chief  properties  are  as  follow. 

Æther  is  lighter,  more  volatile,  and  more  in¬ 
flammable,  than  the  moft  highly  reclined  fpirit  of 
wine.  It  quickly  flies  off  when  expofed  to  the 
air,  and  fuddenly  catches  fire  when  any  flame  ap¬ 
proaches  it.  It  burns  like  fpirit  of  wine  without 
the  leaft  fmoke,  and  confumes  entirely  without 
leaving  the  fmalleft  appearance  of  a  coal  or  of  afhes. 

It  diflolves  oils  and  oily  matters  with  great  eafe  and 
rapidity,  i  hefe  properties  it  has  in  common  with  an 
ardent  fpirit.  But  it  refembles  an  oil  in  that  it  is 
not  mifcible  with  water  ;  and  this  makes  it  effien- 
tially  different  from  fpirit  of  v/ine,  the  nature  of 
which  is  to  be  mifcible  with  all  aqueous  liquors. 

Another  very  Angular  property  of  Æther  is  its 
great  affinity  with  gold,  exceeding  even  that  of  aqua 
reps.  It  does  not  indeed  diffolve  gold  when  in  a 
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ïmafs,  and  in  its  metalline  form:  but  if  a  final! 
quantity  of  Æther  be  added  to  a  folution  of  gold  in 
aqua  régis ,  and  the  whole  fhaken  together,  the  gold 
feparates  from  the  aqua  régis  r  joins  the  Æther,  and 
remains  difiolved  therein. 

The  reafon  of  all  the  phenomena  above-mention¬ 
ed,  refulting  from  the  mixture  of  fpirit  of  wine 
with  oil  of  vitriol,  is  founded  on  the  great  affinity 
between  this  acid  and  water.  For  if  the  vitriolic 
acid  be  weak,  and  as  it  were  over-dofed  with  watery 
parts,  neither  oil  nor  Æther  can  be  obtained  by 
means  thereof  :  but  when  highly  concentrated,  it 
attradfs  the  aqueous  parts  very  powerfully  -,  and 
therefore  being  mixed  with  fpirit  of  wine  lays  hold 
of  moft  of  the  water  contained  in  it,  and  even  robs 
it  of  fame  portion  of  that  which  is  effential  to  its 
nature,  and  neceffary  to  conftitute  it  fpirit  of  wine  : 
whence  it  comes  to  pafs  that  a  certain  quantity  of 
the  oily  parîicles  in  its  compofition  being  feparated 
from  the  watery  particles,  and  fo  brought  nearer  to 
each  other,  they  unite  and  affume  their  natural 
form  ;  and  thus  the  oil  that  fwims  at  top  of  the  ful- 
phureous  phlegm  is  produced. 

The  vitriolic  acid  moreover  thickens  and  even 
burns  fome  of  this  oil  *,  and  hence  comes  the  bitu¬ 
minous  refiduum  left  at  the  bottom  of  the  ftill, 
which  looks  like  the  refult  of  a  vitriolic  acid  com¬ 
bined  with  common  oil.  Laftly,  the  vitriolic  acid 
becomes  fulphureous,  as  it  always  doth  when  united 
with  oily  matters,  and  alfo  very  aqueous,  on  account 
of  the  quantity  of  phlegm  which  it  attracts  from 
the  fpirit  of  wine. 

Æther  may  be  considered  as  a  fpirit  of  wine  ex¬ 
ceedingly  dephlegmated,  even  to  fuch  a  degree  that 
its  nature  is  thereby  changed  *,  fo  that  the  few  a- 
queous  particles  left  in  it  are  not  fufficient  todilfolve 
the  oily  particles  and  keep  them  afunder  ;  which 
therefore  being  now  much  nearer  to  one  another 
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than  in  common  fpirit  of  wine,  the  liquor  hath 
loft  its  property  of  being  mifcibje  with  water. 

Spirit  of  nitre  well  dephlegmated,  and  combined 
with  fpirit  of  wine,  prefents  likewife  fome  very 
fingular  appearances. 

_  Firft,  in  the  very  inftant  of  its  mixture  with  fpi¬ 
rit  of  wine  it  produces  a  greater  and  more  violent 
effervefcence  than  the  vitriolic  acid  occafions. 

Secondly,  this  mixture,  without  the  help  of  dif¬ 
tillation,  and  only  by  flopping  the  bottle  in  which 
the  liquors  are  contained,  affords  a  fort  of  Æther, 
produced  probably  by  the  vapours  which  attend 
from,  and  fwim  at  top  of  the  mixture.  This  is  a 
very  fingular  liquor.  Dr.  Navier  was  the  firft  that 
took  notice  of  it,  and  gave  a  defcription  thereof, 
which  may  be  feen  in  the  Memoirs  of  the  Academy 
of  Sciences. 

Thirdly,  fome  authors  pretend  that  by  diftilling 
the  mixture  under  confideratiorv  an  oil  is  obtained 
greatly  refembling  that  which,  as  we  obferved 
above,  rifes  from  fpirit  of  wine  combined  with  the 
vitriolic  acid  :  others  again  deny  this.  For  my  parr, 
I  believe  the  thing  depends  on  the  different  concen¬ 
tration  of  the  fpirit  of  nitre,  as  well  as  on  the  qua¬ 
lity  of  the  fpirit  of  wine,  which  is  fometimes  more 
fometimes  lefs  oily. 

Fourthly,  the  two  liquors  we  are  fpeaking  of,  be¬ 
ing  intimately  mixed  by  diftillation,  form  a  liquor 
flightly  acid,  ufed  in  medicine,  and  known  by  the 
name  of  Swcot  or  IDulciJiod  Spirit  of  JSfit } j  a  very 
proper  name,  feeing  the  nitrous  acid,  by  uniting 
with  .  the  fpirit  of  wine,  actually  lofes  almoft  aU 
its  acidity  and  corrofive  quality. 

Fifthly  and  laftly,  when  the  diftillation  is  finiflied, 
there  remains  in  the  bottom  of  the  veffel  a  thick, 
blackifh  fubftance,  nearly  refembling  that  which  is 
found  after  diftilling  oil  of  vitriol  and  fpirit  of 
wine. 
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Spirit  of  fait  hath  likewife  been  combined  with 
ipirit  of  wine  ;  but  it  does  not  unite  therewith  fo 
eafily  or  fo  intimately  as  the  two  acids  abovemen- 
tioned.  To  mix  them  thoroughly,  the  fpirit  of 
fait  mud  be  highly  concentrated,  and  fmokeing, 
and  moreover  the  affiftance  of  the  (till  mu  ft  be 
called  in.  Some  authors  pretend  that  from  this 
mixture  alfo  a  fmall  quantity  of  oil  may  be  obtained  ; 
which  probably  happens  when  the  liquors  have  the 
qualities  above  fpecihed.  The  marine  acid  likewife, 
by  uniting  with  fpirit  of  wine,-  lofes  moft  of  its 
acidity;  on  which  account  it  is  in  like  manner  called 
Sweet  or  Dulcified  Spirit  of  Salt.  A  thick  refiduum 
s  alfo  found  here  after  diftillation. 


CHAP.  XV. 

Of  the  Acetous  Fermentation. 

BESIDES  an  ardent  fpirit,  wine  affords  a 
great  deal  of  water,  oil,  earth,  and  a  fort  of 
acid  which  (hall  be  confidered  prefently.  When 
the  fpirituous  part  is  feparated  from  thefe  other 
matters,  they  undergo  no  further  change.  But  if 
all  the  conftituent  parts  of  wine  remain  combined 
together,  then,  after  fome  time,  fhorter  or  longer 
as  the  degree  of  heat  in  which  the  wine  ftands  is 
greater  or  lefs,  the  fermentation  begins  afrefh,  or 
rather  arrives  at  its  fécond  ftage.  The  liquor  once 
more  grows  turbid,  a  new  inteftine  motion  arifes, 
and  after  fome  days  it  is  found  changed  into  an 
acid  ;  which,  however,  is  very  different  from  thofe 
hitherto  treated  of.  1  he  liquor  then  takes  the  name 
of  Vinegar.  The  acetous  fermentation  differs  from 
the  fpirituous,  not  only  in  its  effedf,  but  alfo  in  fe- 
veral  of  its  concomitant  circurnftances.  Moderate 
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motion  is  of  fervice  to  this,  whereas  it  obftruds 
the  fpirituous  ;  and  it  is  attended  with  much  more 
warmth  than  the  fpirituous.  The  vapours  it  produces 
are  not  noxious,  like  thofe  of  fermenting  wine. 
Laftly,  Vinegar  depofites  no  tartar,  even  when  the 
wine  employed  in  this  operation  is  quite  new,  and 
hath  not  had  time  to  difcharge  its  tartar  :  in  head 
of  tartar  Vinegar  depofites  a  vifcid  matter  which  is 
very  apt  to  putrify. 

It  muft  be  obferved  that  wine  is  not  the  only 
fubftance  that  is  fufceptible  of  the  acetous  fermen¬ 
tation  :  for  feveral  vegetable  and  even  animal 
matters,  which  are  not  fubjed  to  the  fpirituous  fer¬ 
mentation,  turn  four  before  they  putrify.  But  as 
vinous  liquors  potfefs  in  a  very  eminent  degree  the 
property  of  being  fufceptible  of  the  acetous  fermen¬ 
tation,  and  likewife  of  producing  the  ftrongeft  acids 
that  can  refult  from  fuch  fermentation,  their  acid 
fhall  be  more  particularly  confidered  in  this  place, 

§.  I.  Of  V  I  N  E  G  A  R. 

If  wine,  which  has  gone  through  this  fécond 
ftage  of  fermentation,  be  diftilled,  inftead  of  an  ar¬ 
dent  fpirit,  only  an  acid  liquor  is  obtained,  which  is 
called  Diftilled  Vinegar . 

This  acid  has  the  fame  properties  as  the  mineral 
acids  of  which  we  have  already  treated  ;  that  is,  it 
unites  with  alkaline  faits,  abforbent  earths,  and  me¬ 
tallic  fubftances,  and  therewith  forms  neutral  faline 
combinations. 

Its  affinity  with  thefe  fubftances  obferves  the  fame 
order  as  that  obferved  by  the  mineral  acids  with  re¬ 
gard  to  the  fame  fubftances  ;  but  in  general  it  is 
weaker  -,  that  is,  any  mineral  acid  is  capable  of  ex¬ 
pelling  the  acid  of  Vinegar  out  of  all  matters  with 
which  it  is  united. 

Vinegar  hath  likewife  a  greater  affinity  than  ful- 
phur  with  alkalis  :  whence  k  follows  that  it  is  ca- 
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pable  of  decompounding  that  combination  of  ful- 
phur  with  an  alkali  called  Liver  of  Sulphur,  and  of 
precipitating  the  fulphur  it  contains. 

The  acid  of  Vinegar  is  always  clogged  with  a 
certain  proportion  of  oily  parts,  which  greatly  weaken 
it,  and  deprive  it  of  much  of  its  activity  ;  and  for 
this  reafon  it  is  not  near  fo  firong  as  the  mineral 
acids,  which  are  not  entangled  with  any  oil.  By 
di  {filiation,  indeed,  it  may  be  freed  from  this  oil, 
and  at  the  fame  time  from  the  great  quantity  of 
water  which  in  a  manner  fuffocates  it,  and  by  that 
means  may  be  brought  much  nearer  to  the  nature 
of  the  mineral  acids  :  but  this  attempt  hath  not 
yet  been  profecuted  with  the  affiduity  it  deferves. 
Befides  diftillation,  there  is  another  way  of  freeing 
Vinegar  from  a  good  deal  of  its  phlegm  j  and  that 
is,  by  expofing  it  to  a  hard  froft,  which  readily  con¬ 
geals  the  watery  part  into  ice,  while  the  acid  retains 
its  fluidity. 

Vinegar,  faturated  with  a  fixed  alkali,  forms  a 
neutral  oily  fait,  of  a  dark  colour,  which  is  femi- 
volatile,  melts  with  a  very  gentle  heat,  flames  when 
thrown  upon  burning  coals,  and  diflblves  in  fpirit 
of  wine,  of  which,  however,  it  requires  fix  parts  to 
complete  the  folution.  This  folution  being  evapo¬ 
rated  to  dry  nefs  leaves  a  matter  in  the  form  of  leaves 
lying  on  each  other  ;  on  which  account  it  hath  ob¬ 
tained  the  name  of  ‘ Terra  Foliata .  The  fame  fo¬ 
liated  matter  will  be  obtained,  though  the  fait  be  not 
previoufly  diflblvcd  in  fpirit  of  wine  ;  but  not  fo 
readily.  This  fait  is  alfo  called  Regenerated  T artar. 
Under  the  head  of  Tartar  we  fhall  fee  the  reafon  of 
thefe  different  appellations.  Regenerated  Tartar  is 
alfo  in  fome  degree  capable  of  cryftallizing  :  for 
this  purpofe  a  folution  thereof  in  water  mult  be 
flowly  evaporated  to  the  confidence  of  a  fyrup,  and 
then  differed  to  {land  quiet  in  a  cool  place  ;  by 
which  means  it  will  fhoot  into  clufters  of  cryftals, 
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lying  one  upon  another,  not  unlike  the  feathers  on 
a  quill. 

With  Vinegar  and  feveral  abforbent  earths,  finch, 
as  calcined  pearls,  coral,  fhells  of  fifh,  &c.  are  alfo 
formed  neutral  faline  compounds,  each  of  which 
takes  the  name  of  the  particular  earth  employed  in 
its  compofition. 

Vinegar  perfedlly  difiolves  Lead,  and  converts  it 
to  a  neutral  metallic  fait,  which  Ihoots  into  cryftals, 
and  has  a  fweet  faccharine  tafte.  This  compound 
is  called  Sugar  of  Lead ,  or  Sal  Saturni . 

If  Lead  be  expofed  to  the  bare  vapour  of  Vine¬ 
gar,  it  will  be  thereby  corroded,  calcined,  and  con¬ 
verted  into  a  white  matter  much  ufed  in  painting, 
and  known  by  the  name  of  Cerufe  *,  or,  when  it  is 
liner  than  ordinary,  White  Lead . 

Vinegar  corrodes  Copper  like  wife,  and  converts 
it  into  a  beautiful  green  ruft,  which  alfo  is  ufed  in 
painting,  and  diftinguifhed  by  the  name  of  Verdegris. 
However,  Vinegar  is  not  commonly  employed  to 
make  Verdegris  :  for  this  purpofe  they  ufe  wine,  or 
the  rape  of  wine,  from  which  iire  extricates  an 
acid  analogous  to  that  of  Vinegar. 

In  treating  of  the  feveral  fubftances  which  con- 
flitute  wine  we  mentioned  an  acid  matter,  but  did 
not  then  enter  into  a  particular  examination  thereof; 
becaufe  as  that  matter  greatly  refembles  the  acid  of 
Vinegar,  we  thought  it  more  proper  to  deter  the 
confideration  of  its  properties  till  we  had  treated 
of  the  acetous  fermentation,  and  its  effedls. 

§.  II.  Of  Tar  ta  r. 

This  fubftance  is  a  faline  compound,  confiftingof 
earthy,  oily,  and  efpecially  acid  parts.  It  is  found 
in  the  form  of  crufts,  adhering  to  the  inner  fides  of 
veflels  in  which  wines  have  flood  for  fame  time, 
particularly  acid  wines,  fuch  as  thofe  of  Germany. 

Tartar 
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Tartar  derives  its  origin  from  the  fuperabundant 
quantity  of  acid  contained  in  the  juice  of  the 
grape.  This  fuperfluous  acid,  being  more  than 
is  requifite  to  conftitute  the  ardent  fpirit,  unites 
with  fome  of  the  oil  and  earth  contained  in  the  fer¬ 
mented  liquor,  and  forms  a  kind  of  fait;  which 
tor  fome  time  continues  fufpended  in  that  liquor, 
but,  when  the  wine  (lands  undiflurbed  in  a  cool 
place,  is  deposited,  as  hath  been  faid,  on  the  fides 
of  the  calk. 

Tartar  in  this  (late  contains  many  earthy  parts, 
which  are  fuperfluous,  and  foreign  to  its  nature. 
From  thefe  it  may  be  freed  by  boiling  it  repeatedly 
with  a  fort  of  earth  found  in  the  neighbourhood  of 
Montpellier,  as  may  be  feen  in  the  Memoirs  of  the 
Academy  of  Sciences. 

When  it  is  purified  there  appears  on  the  furface 
of  the  liquor  a  fort  of  white  cryftalline  pellicle, 
which  is  lkimmed  off  as  it  forms.  This  matter  is 
called  Cream  of  Tartar.  The  fame  liquor  which 
produces  this  Cream,  and  in  which  the  purified 
Tartar  is  diffolved,  being  fet  to  cool  yields  a  great 
number  of  white  femi-tranfparent  cryftals,  which 
are  called  Cry  fiais  of  T artar .  The  Cream  and  the 
Cryftals  of  Tartar  are  therefore  no  other  than  pu¬ 
rified  Tartar,  and  differ  from  each  other  in  their 
form  only. 

Though  the  Cryftals  of  Tartar  have  every  ap¬ 
pearance  of  a  neutral  fait,  yet  they  are  far  from 
being  fuch  ;  for  they  have  all  the  properties  of  a 
true  acid,  which  fcarce  differs  from  that  of  vine¬ 
gar,  except  that  it  contains  lefs  water,  and  more 
earth  and  oil  ;  to  which  it  owes  its  (olid  form,  as 
well  as  its  property  of  not  being  foluble  in  water 
without  much  difficulty  :  (or  a  very  great  quan¬ 
tity  of  water  is  requifite  to  keep  the  Cryftals  of 
Tartar  in  folution  ;  and  it  muft  moreover  be  boil¬ 
ing  hot  ;  otherwife  as  foon  as  it  cools  mod  of  the 
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Tartar  diffolved  in  it  feparates  from  the  liquor, 
and  falls  to  the  bottom  in  the  form  of  a  white 
powder. 

Tartar  is  decompofed  by  calcination  in  the  open 
bre.  All  its  oily  parts  are  confumed  or  diffipated 
in  fmoke,  together  with  moll  of  its  acid.  The 
other  part  of  its  acid,  uniting  intimately  with  its 
earth,  forms  a  very  ftrong  and  very  pure  fixed  al¬ 
kali,  called  Salt  of  Tartar. 

It  will  be  fhewn  in  its  proper  place  that  almoft 
every  vegetable  matter,  as  well  as  Tartar,  leaves  a 
fixed  alkali  in  its  albes  :  yet  Tartar  has  the-fe  pe¬ 
culiar  properties  ;  firft,  it  allumes  an  alkaline  cha¬ 
racter  even  when  burnt  or  calcined  in  clofe  vef- 
fels*,  whereas  other  fubfiances  acquire  it  only  by 
being  burnt  in  the  open  air  ;  fecondly,  the  alkali 
ot  Tartar  is  ftronger  and  more  faline  than  almoft 
any  that  is  obtained  from  other  matters. 

This  alkali,  when  thoroughly  calcined,  power¬ 
fully  attracts  the  moifture  of  the  air,  and  melts 
into  an  unCtuous  alkaline  liquor,  improperly  called 
Oil  of  Tartar  per  deliquium .  This  is  the  alkali 
generally  ufed  in  making  the  Terra  foliata ,  men¬ 
tioned  under  the  head  of  Vinegar  ;  for  which  rea- 
fon  this  combination  is  called  Terra  Foliata  Tar  tari-, 
a  name  fuitable  enough.  But  the  fame  cannot  be 
faid  of  the  other  name,  Regenerated  Tartar,  which 
is  alfo  given  it.  ’lis  true  that  on  this  occafion 
an  oily  acid  is  reftored  to  the  earth  of  the  Tartar, 
analogous  to  that  of  which  the  fire  had  deprived 
it  :  but  the  compound  thence  refulting  is  a  neu¬ 
tral  fait  which  very  readily  diffolves  in  water; 
whereas  Tartar  is  manifeftly  acid,  and  not  foluble, 
or  at  leaft  hardly  foluble,  in  water. 

Cryftals  of  Tartar  combined  with  alkali  of  Tar¬ 
tar  produce  a  great  effervelcence  while  they  are 
mixing,  as  all  acids  ufually  do  ;  and  if  the  combina¬ 
tion  be  brought  exactly  up  to  the  point  of  iaturation, 

a  per- 
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a  perfectly  neutral  fait  is  formed,  which  fhoots  into 
cryftals,  and  eafily  diftblves  in  water  ;  and  this 
hath  procured  it  the  name  of  Soluble  Tartar.  It  is 
alfo  called  the  Vegetable  Salt ,  as  being  obtained 
from  vegetables  only  ;  and  again,  T artarifed  Tar-* 
tar ,  becaufe  it  conhfts  of  the  acid  and  the  alkali 
of  Tartar  combined  together. 

Cryftals  of  Tartar  combined  with  alkalis  pro¬ 
cured  from  the  allies  of  fea-weeds,  fuch  as  Soda* 
which  alkalis  refemble  the  bafts  of  fea-falt,  form 
likewife  a  neutral  fait,  which  cryftallizes  well,  and 
difiolves  eafily  in  water.  This  fait  is  another  fort 
of  foluble  Tartar.  It  is  called  Saigne  tte* s  Salty 
from  the  inventor’s  name. 

Both  the  Vegetable  Salt  and  Saignette’s  Salt  are 
gently  purgative  foaps,  and  much  ufed  in  Me¬ 
dicine. 

Tartar  likewife  diftblves  the  abforbent  earths,  as 
lime,  chalk,  &c.  and  with  them  forms  neutral 
faits  which  are  foluble  in  water  *.  It  even  attacks 
metallic  bodies,  and  when  combined  with  them 
becomes  foluble.  A  foluble  Tartar  for  medical 
ufe  is  prepared  with  Cryftals  of  Tartar  and  Iron: 
the  metallic  fait  thereby  produced  hath  the  name 
of  Chalybeated  foluble  \ Tartar .  This  fait  attraéls 
the  moifture  of  the  air,  and  is  one  of  thofe  which 
do  not  cryftallize. 

Cryftallized  Tartar  a 6te  alfo  upon  feveral  other 
metallic  fubftances:  for  inftance,  it  diftblves  the 
Regulus,  Liver,  and  Glafs  of  Antimony,  and 
thence  acquires  an  emetic  quality  :  it  is  then  called 
Stibiated  or  Emetic  'Tartar .  It  likewdfe  diftblves 
Lead,  and  therewith  forms  a  fait  which,  in  the 
figure  of  its  cryftals,  refembles  Tartarifed  Tartar. 

It  is  very  extraordinary'  that  Tartar,  which  of 
itfelf  is  not  foluble  in  water,  fhould  be  foluble 

*  See  Mr.  Duhamel’s  Eifays  on  this  fubjedl  in  the  Memoirs 
of  the  Academy  of  Sciences. 
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therein  when  become  a  neutral  fait  by  uniting  either 
with  alkalis  or  with  abforbent  earths,  or  even  with 
metals.  With  refpeél  to  alkalis,  indeed,  it  may  be 
urged  that,  having  themfelves  a  great  affinity  with 
water,  they  communicate  to  Tartar  fome  of  that  fa¬ 
cility  with  which  they  naturally  unite  therewith  : 
but  the  fame  cannot  be  alledged  concerning  abfor¬ 
bent  earths,  and  metallic  fubftances,  which  water 
diffolves  not  at  all,  or  at  lead  with  great  difficulty, 
and  in  fmall  quantity.  This  effedf,  therefore,  mud 
be  attributed  wholly  to  fome  change  in  the  difpofi- 
tion  of  its  parts  which  is  to  us  unknown. 

All  the  foluble  T  artars  are  eafily  decompounded 
by  expofing  them  to  a  certain  degree  of  heat.  In 
didillation  they  yield  the  fame  principles  which  are 
obtained  from  Tartar  ;  and  what  remains  fixed  in 
the  fire,  after  they  are  thoroughly  burnt,  is  a  com¬ 
pound  of  the  alkali  which  Tartar  naturally  pro¬ 
duces,  and  of  the  alkaline  or  metallic  fubdance 
with  which  it  was  converted  into  a  neutral  fait. 

As  Crydal  of  Tartar  is  the  weaked  of  all  acids, 
on  account  of  the  oily  and  earthy  matters  with 
which  it  is  combined,  foluble  Tartars  are  decom¬ 
pounded  by  all  the  acids  ;  by  any  of  which  crydal 
of  Tartar  may  be  feparated  from" the  fubdance  that 
ferves  it  for  a  bads  and  renders  it  a  neutral  fait. 

The  other  acids  which  are  procured  from  ve¬ 
getables,  and  even  thole  which  are  obtainable  from 
fome  animal  fubdances,  may  all  be  referred  to  and 
compared  with  either  Vinegar  or  Tartar,  according 
to  the  quantities  of  oil  or  earth  with  which  they  are 
combined. 

After  all,  thefe  acids  have  not  yet  been  tho¬ 
roughly  examined.  There  is  great  reafon  to  think 
that  they  are  no  other  than  the  mineral  acids,  which 
in  paffing  through  the  bodies  of  vegetables,  and 
even  of  animals,  undergo  a  confiderable  change, 
efpecially  by  contracting  an  union  with  oily  matters. 

For, 
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For,  as  we  faid  before  in  treating  of  Vinegar,  by 
freeing  them  from  their  oil  they  are  brought  very 
near  to  the  nature  of  mineral  acids  :  and  fo  likewife 
the  mineral  acids  acquire  many  of  the  properties  of 
vegetable  acids  by  being  combined  with  oils. 


C  H  A  P.  XV. 

Of  the  Putrid  Fermentation,  or 

Put  REFACTION. 

EVERY  body  which  hath  gone  through  the 
I  two  liages  of  fermentation  above  defcribed, 
that  is,  the  fpirituous  and  the  acetous  fermentation, 
being  left  to  itfelf  in  a  due  degree  of  warmth,  which 
varies  according  to  the  fubjecl,  advances  to  the 
lafl  liage  of  fermentation  ;  that  is,  to  putrefac¬ 
tion. 

It  is  proper  to  obferve,  before  we  go  any  further, 
that  the  reverfe  of  this  proportion  is  not  true;  that  is, 
it  is  not  neceffary  that  a  body  fhould  fucceffively  pafs 
through  the  fpirituous  and  the  acetous  fermentation, 
before  it  can  arrive  at  the  putrid  ;  but  that,  as  cer¬ 
tain  fubflances  fall  into  the  acetous  without  having 
gone  through  the  fpirituous  fermentation,  fo  others 
begin  to  putrify  without  having  undergone  either 
the  fpirituous  or  the  acetous  fermentation  ;  of  which 
lafl  kind  are,  for  inflance,  moil  animal  fubflances. 
When  therefore  we  reprefented  thefe  three  forts  of 
fermentation  as  three  different  degrees  or  liages  of 
one  and  the  fame  fermentation,  we  fuppofed  it  to  be 
excited  in  a  body  fufceptible  of  fermentation  in  its 
full  extent. 

However,  there  is  flill  room  to  think  that  every 
fubflance  which  is  capable  of  fermenting  always 
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pafTes  neceffarily  through  thefe  three  different  fla-es  • 
but  that  the  fubftances  moff  difpofed  thereto  pafs 
with  fuch  rapidity  through  the  fir  ft,  and  even  the 
fécond,  that  they  arrive  at  the  third  before  our 
lenles  can  perceive  the  leaft  figns  of  either  of  the 
two  former.  This  opinion  is  not  deftitute  of  pro¬ 
bability  ;  yet  it  is  not  fupported  by  proofs  fuffi- 
ciently  ltrong  and  numerous  to  compell  our  affent. 

When  a  body  is  in  a  putrefying  (late  it  is  eafy  to 
difcover,  (as  in  the  two  forts  of  fermentation  al¬ 
ready  treated  of,)  by  the  vapours  which  rife  from  it, 
by  the  opacity  which  invades  it,  if  a  pellucid  liquor, 
and  frequently  even  by  a  greater  degree  of  heat 
than  is  found  in  the  two  other  forts  of  fermentation, 
that  an  inteftine  motion  is  begun  among  its  confti- 

tuent  parts,  which  lafts  till  the  whole  be  entirely 
putrefied.  ‘  7 

The  effedt  of  this  inteftine  motion  is  in  this,  as  in 
the  two  other  forts  of  fermentation,  to  break  the 
union,  and  change  the  difpofition,  of  the  particles 
conftituting  the  body  in  which  it  is  excited,  and 
to  produce  a  new  combination.  This  is  brought 
about  by  a  mechanifm  to  which  we  are  ftrangers, 
and  concerning  which  nothing  beyond  conjedlures 
can  be  advanced  :  but  thefe  we  negledt,  refolving  to 
keep  wholly  to  fadts,  as  the  only  things  in  Natural 
Philofophy  that  are  pofitively  certain. 

If,  then,  we  examine  a  fubftance  that  has  un¬ 
dergone  putrefadfion,  we  fhall  loon  perceive  that 
it  contains  a  principle  which  did  not  exift  in  it  be¬ 
fore.  If  this  fubftance  be  diftilied,  there  riles  firft, 
by  means  of  a  very  gentle  heat,  a  fall  ne  matter 
which  is  exceedingly  volatile,  and  affedts  the  organ 
of  fuelling  brifkly  and  difagreeably.  Nor  is  the 
aid  of  diftillation  neceffary  to  difcover  the  prefence 
of  this  produdt  of  putrefadfion  ;  it  readily  ma- 
nifefts  itfeli  in  moft  fubftances  where  it  exifts,  as 
any  one  may  foon  be  convinced  by  obferving  the 
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different  finell  of  frefh  and  of  putrefied  urine  ;  for 
the  latter  not  only  affedts  the  nofe,  but  even  makes 
the  eyes  fmart,  and  irritates  them  fo  as  to  draw  tears 
from  them  in  abundance. 

This  faline  principle  which  is  the  product  of  pu- 
trefa&îon,  when  feparated  from  the  other  principles 
of  the  body  wFich  affords  it,  and  colle&ed  by  itfelf, 
appears  either  in  the  form  of  a  liquor,  or  in  that  of 
a  concrete  fait,  according  to  the  different  methods 
ufed  to  obtain  it.  In  the  former  ftate  it  is  called  a 
Volatile  Urinous  Spirit  -,  and  in  the  latter  a  Volatile 
Urinous  Salt .  The  qualification  of  urinous  is  given 
it,  becaufe,  as  was  faid,  a  great  deal  thereof  is 
generated  in  putrefied  urine,  to  which  It  communi¬ 
cates  its  fmell.  It  goes  alfo  by  the  general  name  of  a 
Volatile  Alkali ,  whether  in  a  concrete  or  in  a  liquid 
form.  The  enumeration  of  its  properties  will  fhew 
why  it  is  called  an  Alkali. 

Volatile  Alkalis,  from  whatever  fubftance  ob¬ 
tained,  are  all  alike,  and  have  all  the  fame  proper¬ 
ties  ;  differing  only  according  to  their  degrees  of 
purity.  The  Volatile  Alkali,  as  well  as  the  Fixed, 
confifts  of  a  certain  quantity  of  acid  combined  with 
and  entangled  by  a  portion  of  the  earth  of  the  mixt 
body  from  which  it  ^vas  obtained  ;  and  on  that  ac¬ 
count  it  has  many  properties  like  thofe  of  a  Fixed 
Alkali.  But  there  is  moreover  in  its  compofition  a 
confiderable  quantity  of  a  fat  or  oily  matter,  of 
which  there  is  none  in  a  Fixed  Alkali  ;  and  on  this 
account  again  there  is  a  great  difference  between  them. 
Thus  the  Volatility  of  the  Alkali  produced  by  pu¬ 
trefaction,  which  is  the  principal  difference  between 
it  and  the  other  kind  of  Alkali  whofe  nature  it  is  to 
be  Fixed,  muft  be  attributed  to  the  portion  of  oil 
which  it  contains  :  for  there  is  a  certain  method  of 
volatilizing  Fixed  Alkalis  by  means  of  a  fatty  fub¬ 
ftance. 


Volatile 
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Volatile  Alkalis  have  a  great  affinity  with  acids 
unite  therewith  rapidly  and  with  ebullition,  and 

crXlsW1hlirHeff  fUtral  fa'tS’  Which  ftoot 
cry  dais,  but  differ  from  one  another  according  to 

the  kind  of  acid  employed  in  the  combination.0 

1  he  neutral  faits  which  have  a  Volatile  Alkali  for 
Lfir  a  18  are  in  general  called  Ammoniacal  Salts . 
That  whofe  acid  is  the  acid  of  fea  fait  is  called  Sal 
Ammoniac.  As  this  was  the  firft  known,  it  o-ave 
name  to  all  the  reft.  Great  quantities  of  this" (alt 
are  made  in  Egypt,  and  thence  brought  to  us.  They 
fubhrne  it  from  the  foot  of  cow’s-dung,  which  is  the 
fewel  of  that  country,  and  contains  fea-falt,  toge¬ 
ther  with  a  Volatile  Alkali,  or  at  lead  the  materials 
proper  for  forming  it  ;  and  confequently  all  the  in¬ 
gredients  that  enter  into  the  compofition  of  Sal  Am¬ 
moniac.  See  the  Memoirs  of  the  Academy  of 
Sciences.  J 


The  neutral  faits  formed  by  combining  the  adds 
of  nitre  and  of  vitriol  with  a  Volatile  Alkali  are 
called,,  after  their  acids,  Nitrous  Sal  Ammoniac  and 
Vitriolic  Sal  Ammoniac  :  the  latter,  from  the  name 

of  its  inventor,  is  alfo  called  Glauber’s  Secret  Sal 
Ammoniac, 

A  Volatile  Alkali,  then,  has  the  fame  property 
as  a  fixed  Alkali  with  regard  to  acids  ;  yet  they 
differ  in  this,  that  the  affinity  of  the  former  with 
acids  is  weaker  than  that  of  the  latter  :  and  hence  it 
follows  that  any  Sal  Ammoniac  may  be  decom¬ 
pounded  by  a  Fixed  Alkali,  which  will  lay  hold  of 
the  acid,  and  difeharge  the  Volatile  Alkali. 

^  Volatile  Alkali  will  decompound  any  neutral 
fait  which  has  not  a  Fixed  Alkali  for  its  bafi§  ;  that 
is,  all  fuch  as  confift  of  an  acid  combined  with  an 
abforbent  earth  or  a  metallic  fubftance.  By  joining 
with  the  acids  in  which  they  are  diffiolved,  it  difem 
gages  the  earths  or  metallic  fubftances,  takes  their 
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place,  and  in  conjunction  with  their  acids  Forms 
Ammoniac  Salts. 

Hence  it  might  be  concluded  that,  of  all  fub¬ 
ftances,  next  to  the  Phlogifton  and  the  Fixed  Alka¬ 
lis,  Volatile  Alkalis  have  the  greateft  affinity  with 
acids  in  general.  Yet  there  is  fome  difficulty  in 
this  matter  :  for  abforbent  earths  and  feveral  me- 
tallic  fubftances  are  alfo  capable  of  decompounding 
Ammoniacal  Salts,  difcharging  their  Volatile  Al¬ 
kali,  and  forming  new  compounds  by  uniting  with 
their  acids.  This  might  induce  us  to  think  that 
thefe  fubftances  have  nearly  the  fame  affinity  with 
acids. 

But  it  is  proper  to  obferve,  that  a  Volatile  Alkali 
decompounds  fuch  neutral  faits  as  have  for  their 
bafis  either  an  abforbent  earth  or  a  metallic  fub- 
ftance,  without  the  aid  of  fire  ;  whereas  abforbent 
earths  or  metallic  fubftances  will  not  decompound  an 
Ammoniacal  Salt,  unlefs  they  be  affifted  by  a  cer¬ 
tain  degree  of  heat. 

Now  as  all  thefe  matters  are  extremely  fixed,  at 
leaft  in  companion  with  a  Volatile  Alkali,  they 
have  the  advantage  of  being  able  to  refill  the  force 
of  fire,  and  fo  of  adting  in  conjundtion  therewith  ; 
and  fire  greatly  promotes  the  natural  adlion  of  fub¬ 
ftances  upon  one  another  :  whereas  the  Volatile  Al¬ 
kali  in  the  Ammoniacal  Salt,  being  unable  to  abide 
the  force  of  fire,  is  compelled  to  defert  its  acid  ; 
and  that  fo  much  the  more  quickly,  as  its  affinity' 
therewith  is  confiderably  weakened  by  the  prefence 
of  an  earthy  or  metallic  fubftance,  both  of  which 
have  a  great  affinity  with  acids. 

Thefe  confiderations  oblige  us  to  conclude,  that 
Volatile  Alkalis  have  a  fomewhat  greater  affinity* 
than  abforbent  earths  and  metallic  fubftances,  with 
acids. 

Ammoniacal  Salts  projedled  upon  nitre  in  fuflon 
make  it  detonate  -,  and  the  Nitrous  Sal  Ammoniac 

detonates 
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detonates  by  itfelf,  without  the  addition  of  any  in¬ 
flammable  matter.  This  Angular  effed  evidently 
demonftrates  the  exiftence  of  an  oily  matter  in  Vo¬ 
latile  Alkalis;  for  .it  is  certain  that  nitre  will  never 
deflagrate  without  the  concurrence,  and  even  the 
immediate  contad,  of  fome  combuftible  matter. 

This  oily  fubftance  is  often  found  combined  with 
Volatile  Alkalis  in  fuch  a  large  proportion  as  to  dif- 
guife  it,  in  fome  meafure,  and  render  it  exceeding 
foul.  The  fait  may  be  freed  from  its  fuperfluous 
oil  by  repeated  fublimations  ;  and  particularly  by 
fubliming  it  from  ablbrbent  earths,  which  readily 
drink  up  oils.  This  is  called  the  Rétification  of  a 
Volatile  Alkali.  The  fait,  which  before  was  of  a 
yellowilh  or  dirty  colour,  by  being  thus  redified 
becomes  very  white,  and  acquires  an  odour  more 
pungent  and  lefs  fetid  than  it  had  at  firft,  that  is, 
when  obtained  by  one  Angle  dift  illation  from  a  pu¬ 
trid  fubftance. 

It  is  proper  to  obferve  that  the  redification  of 
a  Volatile  Alkali  muft  not  be  carried  too  far,  or  re¬ 
peated  too  often  ;  for  by  that  means  it  may  be  en- 
tirely  decompofed  at  length  ;  and  particularly  if  an 
abforbent  earth,  and  elpecially  chalk,  be  employed 
for  that  purpofe,  the  fait  may  be  converted  into  an 
oil,  an  earth,  and  water. 

Volatile  Alkalis  ad  upon  feveral  metallic  fub- 
ftances,  and  particularly  on  copper  ;  of  which  they 
make  a  moft  beautiful  blue  folution.  On  this  pro¬ 
perty  depends  a  pretty  Angular  effed,  which  happens 
fometimes  when  we  attempt  by  means  of  a  Volatile 
Alkali  to  feparate  copper  from  any  acid  with  which 
it  is  combined.  Inftead  of  feeing  the  liquor  grow 
turbid,  and  the  metal  fall,  both  which  generally 
happen  when  any  Alkali  whatever  is  mixed  with  a 
metallic  folution,  we  are  furprifed  to  obferve  the  fo¬ 
lution  of  copper,  upon  adding  a  Volatile  Alkali, 
retain  its  limpidity,  and  let  fall  no  precipitate  ;  or  at 
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leaft  if  the  liquor  does  grow  turbid,  it  remains  fo 
but  for  a  moment,  and  inftantly  recovers  its  tranf- 
parency. 

This  is  occafioned  by  adding  fuch  a  quantity  of 
Volatile  Alkali  as  is  more  than  lufficient  fully  to  fa- 
turate  the  acid  of  the  folution,  and  confiderable 
enough  to  dilTolve  all  the  copper  as  fall  as  it  is  fe- 
parated  from  the  acid.  On  this  occafion  the  liquor 
acquires  a  deeper  blue  than  it  had  before  ;  which 
arifes  from  the  property  which  Volatile  Alkalis  have 
of  giving  this  metal,  when  combined  with  them,  a 
fuller  blue  than  any  other  folvent  can  :  hence  we 
have  a  touchflone  to  diicover  copper  wherever 
it  is;  for  let  the  quantity  of  this  metal  combined 
with  other  metals  be  ever  fo  fmall,  a  Volatile  Alkali 
never  fails  to  difcover  it,  by  making  it  appear  of  a 
blue  colour. 

Though  a  Volatile  Alkali  be  conftantly  the  re¬ 
fait  of  putrefaction,  yet  it  mult  not  therefore  be  ima¬ 
gined  that  none  can  be  produced  by  any  other 
means  ;  on  the  contrary,  molt  of  thofe  which  con¬ 
tain  the  ingredients  necelfary  to  form  it  yield  no  in- 
confiderable  quantity  thereof  in  diftillation.  Tartar, 
for  example,  which  by  being  burnt  in  an  open  fire 
is  converted,  as  was  fhewn,  into  a  Fixed  Alkali, 
yields  a  Volatile  Alkali  when  it  is  decompofed  in 
-clofe  veffels  ;  that  is,  when  it  is  diftilled  :  becaufe 
in  this  latter  cafe  the  oily  part  is  not  diflipated  or 
burnt,  as  it  is  by  calcination  in  a  naked  fire,  but 
has  time  to  unite  with  fome  of  the  earth  and  acid  of 
the  mixt,  in  fuch  a  manner  as  to  form  a  true  Vo¬ 
latile  Alkali. 

To  prove  that  on  this  occafion,  as  well  as  on  all 
others,  where  unputrefied  bodies  yield  a  Volatile  Al¬ 
kali,  this  fait  is  the  product  of  the  fire,  we  need 
only  obferve,  that  in  thefe  diftilJations  it  never  rifes 
till  after  lbme  part  of  the  phlegm,  of  the  acid,  and 
even  of  the  thick  oil  of  the  mixt,  is  come  over  ; 

which 
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which  never  is  the  cafe  when  it  is  formed  before¬ 
hand  in  the  body  which  is  the  fubjeft  of  the  opera- 

*10”’  as  ,C  r  which  have  undergone  pu- 

trefadion  :  for  this  fait,  being  much  lighter  and 

more  volatile  than  thofe  other  fubftances,  rifes  of 
courfe  before  them  in  diftillation. 


CHAP.  XVI. 

A  General  View  of  Chymical 

Decomposition. 


THOUGH  we  have  confidered  all  the  fob- 
ftances  which  enter  into  the  compofition  of 
Vegetables,  Animals,  and  Minerals,  whether  as  pri¬ 
mary  or  as  fecondary  principles,  it  will  not  be  fm- 
-proper  to  fhew  in  what  order  we  obtain  thefe  prin¬ 
ciples  from  the  feveral  mixts  ;  and  efpecially  from 
Vegetables  and  Animals,  becaufethey  are  much  more 
complicated  than  Minerals.  This  is  called  AnaMn? 
a  compound.  * 

The  method  moll  commonly  taken  to  decompofe 
bodies  is  by  applying  to  them  fuccefiive  degrees  of 
heat,  fiom  the  gentleft  to  the  molt  violent,  in  ap¬ 
propriated  veftels,  fo  contrived  as  to  colled  what 
exhales  from  them.  By  this  means  the  principles 
are  gradually  feparated  from  each  other  ;  the  mod 
volatile  rife  firfb,  and  the  reft  follow  in  order,  as 
they  come  to  be  afled  on  by  the  proper  degree  of 
heat  r  and  this  is  called  JDijlillatiou. 

But  it  being  obferved  that  fire,  applied  to  the  de¬ 
composition  of  bodies,  moft  commonly  alters  their 
fécond  ary  principles  very  fenfibly,  by  combining 
them  in  a  different  manner  with  each  other,  or 
even  partly  decompofing  them,  and  reducing  them 

K  4  to 
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to  their  primitive  principles  ;  other  means  have  been 
ufed  to  fèparate  thofe  principles  without  the  help  of 
fire. 

With  this  view  the  mixts  to  be  decompofed  are 
forcibly  compreffed,  in  order  to  fqueeze  out  of  them 
all  fuch  parts  of  their  fubftance  as  they  will  by  this 
means  part  with  ;  or  elfe  thofe  mixts  are  for  a  long 
time  triturated,  either  along  with  water,  which  car¬ 
ries  off  all  their  faline  and  faponaceous  contents  ;  or 
with  folvents,  fuch  as  ardent  fpirits,  capable  of  taking 

up  every  thing  in  them  that  is  of  an  oily  or  refinous 
nature. 

We  fhall  here  give  a  fuccinft  account  of  the  ef¬ 
fects  of  thefe  different  methods,  as  applied  to  the 
principal  fubftances  among  Vegetables  and  Ani¬ 
mals,  and  likewife  to  fome  Minerals. 


§.  I.  The  Analysis  0/  Vegetable  Substances, 
A  vaft  many  vegetable  fubftances,  fuch  as  kernels 
and  feeds,  yield  by  ftrong  compreffion  great  quantities 
of  mild,  fat,  unduous  Oils,  which  are  not  foluble 
m  ardent  fpints  .  thefe  are  what  we  called  ExpveJJ'ed 
Oils.  They  are  alfo  fometimes  called  Fat  Oils ,  on 
account  of  their  undiuoufnefs,  in  which  they  exceed 
all  other  forts  of  Oil.  As  thefe  Oils  are  obtained 
without  the  aid  of  fire,  it  is  certain  that  they  ex- 
ifted  in  the  mixt  juft  as  we  fee  them,  and  that  they 
are  not  in  the  leaft  altered  ;  which  could  not  have 
been  the  cafe  had  they  been  obtained  by  diftillation  * 
for  that  never  produces  any  Oils  but  fuch  as  are 
acrid  and  foluble  in  fpirit  of  wine. 

Some  vegetable  matters,  fuch  as  the  rind  of  ci¬ 
trons,  lemons,  oranges,  &c.  alfo  yield,  only  by  be- 
tng  fqueezed  between  the  fingers,  a  preat  deal  of 

Oil.  This  fpirts  out  in  fine  fmalljetsf  which  being 

received  upon  any  pohlhed  furface,  fuch  as  a  look- 

ing-glals,  run  together  and  form  a  liquor  that  is  a 
real  Oil. 


But 
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But  it  mut  be  carefully  noted  that  this  fort  of 
Oil,  though  obtained  by  exprefiion  only,  is  never- 
thelefs  very  different  from  the  Oils  mentioned  before 
to  which  the  title  of  Expreffed  Oils  peculiarly  be¬ 
longs  :  for  this  is  far  lighter  and  thinner  ;  moreover, 
it  retains  the  perfedt  odour  of  the  fruit  which  yields 
it,  and  is  loluble  in  fpirit  of  wine  ;  in  a  word,  it  is 
a  true  effential  Oil,  but  abounds  fo  in  the  fruits 
which  produce  it,  and  is  lodged  therein  in  fuch  a 
manner,  occupying  a  vafl  number  of  little  cells  pro¬ 
vided  in  the  peel  for  its  reception,  that  a  very  flight 
preffure  difcharges  it  ;  which  is  not  the  caië  with 
many  other  vegetables  that  contain  an  effential  Oil 

Succulent  and  green  plants  yield  by  comprefkon 
a  great  deal  of  liquor  or  juice,  which  confiffs  of 
moft  of  the  phlegm,  of  the  faits,  and  a  fmall  por¬ 
tion  of  the  oil  and  earth  of  the  plant.  Thel'e juices, 
being  fet  in  a  cool  place  for  fome  time,  depofite  fa- 
line  cry  flats,  which  are  a  combination  of  the  acid  of 
the  plant  with  part  of  its  oil  and  earth,  wherein  the 
acid  is  always  predominant.  Thefe  faits,  as  is  evi¬ 
dent  from  the  defcription  here  given,  bear  a  great 
refemblance  to  the  tartar  of  wine  treated  of  above. 
They  are  called  Effential  Salts  ;  fo  that  Tartar 
might  likewife  be  called  the  Effential  Salt  of  Wine. 

Dried  plants,  and  fuch  as  are  of  a  ligneous,  or  acid 
nature,  require  to  be  long  triturated,  with  water, 
before  they  will  yield  their  effential  faits.  Tritura¬ 
tion  with  water  is  an  excellent  way  to  get  out  of 
them  all  their  faline  and  faponaceous  contents. 

A  vegetable  matter  that  is  very  oily  yields  its  ef¬ 
fential  fait  with  much  difficulty,  if  at  all  ;  becaufe 
the  excefhve  quantity  of  oil  entangles  the  fait  fo 
that  it  cannot  extricate  itfelf  or  fhoot  into  cryflals. 
Mr.  Gerike,  in  his  Principles  of  Chymiftry^  fays,  that 
if  part  of  the  oil  of  a  plant  be  extracted  by  jpirit 
of  wine,  its  effential  fait  may  be  afterwards  ob¬ 
tained  with  more  eafe  and  in  greater  quantity.  This 
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niuft  be  a  very  good  method  for  fuch  plants  as  have 
an  exceffive  proportion  of  effential  oil ,  but  will 
not  fucceed  if  the  effential  fait  be  hindered  from 
cryftalizing  by  a  redundancy  of  fat  oil*  becaufe 
fat  oils  are  not  folubie  in  fpirit  of  wine. 

Effential  Salts  are  among  thofe  fubftances  which 
cannot  be  extrafted  from  mixts  by  diftillation  ;  for 
the  firfi  impreffion  of  fire  decompofes  them. 

Though  the  acid  which  predominates  in  the  Ef¬ 
fential  Salts  of  plants,  be  mod  commonly  analogous 
to  the  vegetable  acid,  properly  fo  called,  that  is,  to 
the  acid  of  vinegar  and  tartar,  which  is  probably  no 
other  than  the  vitriolic  acid  difguifed  ;  yet  it  fome- 
times  differs  therefrom,  and  fomewhat  refembles  the 
nitrous  or  the  marine  acid.  This  depends  on  the 
places  where  the  plants  grow  which  produce  thefe 
faits  :  if  they  be  fubmarine  plants,  their  acid  is 
ajdn  to  the  acid  of  fea-falt  ;  if  on  the  contrary  they 
grow  upon  walls,  or  in  nitrous  grounds,  their  acid 
is  like  that  of  nitre.  Sometimes  one  and  the  fame 
plant  contains  faits  analogous  to  all  the  three  mineral 
acids  ;  which  fhews  that  the  vegetable  acids  are  no 
other  than  the  mineral  acids  varioufly  changed  by 
circulating  through  plants. 

Liquors  containing  the  Effential  Salts  of  plants 
being  evaporated  by  a  gentle  heat  to  the  confidence 
of  honey,  or  even  further,  are  called  Extracts. 
Hence  it  is  plain,  that  an  Extract  is  nothing  but 
the  Effential  Salt  of  a  plant,  combined  with  fome 
particles  of  its  oil  and  earth,  that  remained  fuff 
pended  in  the  liquor,  and  are  now  incorporated  by 
evaporation. 

Extradls  of  plants  are  alfo  prepared  by  boiling 
them  long  in  water,  and  then  evaporating  fome  part 
it.  But  thefe  Extra&s  are  of  inferior  virtue  ;  be¬ 
caufe  the  fire  diffipates  many  of  the  oily  and  faline 
parts. 


Emulsions 
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Emulsions. 

Subftances  which  abound  much  in  Oil,  being 
bruifed  and  triturated  with  water  for  fome  time  aE 
ford  a  liquor  of  an  opaque  dead-white  colour  ^fike 
milk.  This  liquor  conflits  of  fuch  juices  as  the  wa¬ 
ter  is  capable  of  diflblving,  together  with  a  portion 
of  the  oil,  which  being  naturally  indiffoluble  in  wa¬ 
ter,  is  only  divided  and  difperfed  in  the  liquor,  the 
limpidity  whereof  is  by  that  means  deftroyed. 
This  fort  of  oily  liquor,  in  which  the  oil  is  only  di¬ 
vided,  not  diffolved,  is  called  an  Emulfion .  The 
oily  particles  in  Emuffions  fpontaneoufly  feparate 
from  the  water,  when  left  at  reft,  and  uniting  into 
greater  maftes  rife,  on  account  of  their  lightnefs,  to 
the  furface  of  the  liquor,  which  by  that  means*  re¬ 
covers  a  degree  of  tranfparency. 

If  vegetables  abounding  in  efiential  oils  and  re- 
fins  be  digefted  in  fpirit  of  wine,  the  menftruurn 
takes  up  thefe  oily  matters,  as  being  capable  of 
diffolving  them  ;  and  they  may  afterwards  be  eafily 
feparated  from  it  by  the  affufion  of  water.  The 
water,  with  which  fpirit  of  wine  has  a  greater  af¬ 
finity  than  with  oily  matters,  feparates  them  by  this 
means  from  their  folvent,  agreeably  to  the  common 
laws  of  affinities. 

Without  the  help  of  fire  fcarce  any  thing, 
befides  the  fubftances  already  mentioned,  can  be 
obtained  from  a  plant  :  but  by  the  means  of  diftil- 
lation  we  are  enabled  to  analyfe  them  more  com¬ 
pletely.  In  profecuting  this  method  of  extrading 
from  a  plant  the  feveral  principles  of  which  it  con¬ 
flits,  the  following  order  is  to  be  obferved. 

A  plant  being  expofed  to  a  very  gentle  heat,  in 
a  diftilling  veffel  fet  in  the  balneum  maria ,  yields  a 
water  which  retains  the  perfed  fmell  thereof  Some 
Chymifts,  and  particularly  the  illuftrious  Boerhaave, 
have  called  this  liquor  the  Spiritus  Reiïor.  The 

nature 
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nature  of  this  odoriferous  part  of  plants  is  not  yet 
thoroughly  known;  becaufe  it  is  fo  very  volatile 
that  it  is  difficult  to  fubjcdt  it  to  the  experiments  ne- 
ceffary  for  diicovering  all  its  properties. 

If  inftead  of  diftiliing  the  plant  in  the  balneum 
warily  it  be  d  ftilled  over  a  naked  fire,  with  the 
precaution  of  putting  a  certain  quantity  of  water  in¬ 
to  the  difiilling  vefièl  along  with  it,  to  prevent  its 
fuffering  a  greater  heat  than  that  of  boiling  water, 
all  the  effential  oil  contained  in  that  plant  will  rife 
together  with  that  water,  and  with  the  fame  degree 
of  heat. 

On  this  occafion  it  muft  be  obferved  that  no  ef¬ 
fential  oil  can  be  obtained  from  a  plant  after  the 
Spiritus  Rett  or  hath  been  drawn  off;  which  gives 
ground  to  think  that  the  volatility  of  thefe  oils  is 
owing  to  that  fpirit. 

The  heat  of  boiling  water  is  alfo  fufficient  to  fe« 
parate  from  vegetable  matters  the  fat  oils  which 
they  contain  :  that,  however,  is  to  be  done  by  the 
way  of  decodtion  only,  and  not  by  diftillation  ;  be¬ 
caufe  though  thefe  oils  will  fwim  on  water,  yet  they 
will  not  rife  in  vapours  without  a  greater  degree  of 
heat. 

When  the  effential  oil  is  come  over,  if  the  plant 
be  expofed  to  a  naked  fire,  without  the  addition  of 
water,  and  the  heat  be  increafed  a  little,  a  phlegm 
will  rife  that  gradually  grows  acid  ;  after  which,  if 
the  heat  be  increafed  as  occafion  requires,  there 
will  come  over  a  thicker  and  heavier  oil  ;  from  fome 
a  volatile  alkali  -,  and  lafl  of  all,  a  very  thick, 
black,  empyreumatic  oil. 

When  nothing  more  rifes  with  the  firongefl  de¬ 
gree  of  heat,  there  remains  of  the  plant  a  mere  coal 
only,  calied  the  Caput  mortuum ,  or  T erra  damnata . 
This  coal  when  burnt  falls  into  afhes,  which  being 
lixiviated  with  water,  give  a  fixed  alkali. 


It 
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It  is  obfervable  that  in  the  diftillation  of  plants 
which  yield  an  acid  and  a  volatile  alkali,  thde  two 
faits  are  often  found  quite  diftindt  and  feparate  in 
the  fame  receiver  ;  which  feems  very  extraordinary, 
confidering  that  they  are  naturally  difpofed  to  unite*, 
and  have  a  great  affinity  with  one  another.  The  rea- 
fon  of  this  phenomenon  is  that  they  are  both  com¬ 
bined  with  much  oil,  which  embarrafifes  them  fo 
that  they  cannot  unite  to  form  a  neutral  fait,  as 
they  would  not  fail  to  do  were  it  not  for  that  im- 
pediment. 

All  vegetables,  except  fuch  as  yield  a  great  deal 
of  volatile  alkali,  being  burnt  in  an  open  fire,  and 
lo  as  to  flame,  leave  in  their  affies  a  large  quantity 
of  an  acrid,  cauftic,  fixed  alkali.  But  "if  care  be 
taken  to  fmother  them,  fo  as  to  prevent  their  flaming 
while  they  burn,  by  covering  them  with  fomething 
that  may  continually  beat  down  again  what  exhales^ 
the  fait  obtained  from  their  alhes  will  be  much  lefs 
acrid  and  cauftic  ;  the  caufe  whereof  is,  that  fame 
part  of  the  acid  and  oil  of  the  plant  being  detained 
in  the  burning,  and  flopped  from  being  diffipated 
by  the  fire,  combines  with  its  alkali.  Thefe  faits 
cryftallize,  and  being  much  milder  than  the  com¬ 
mon  fixed  alkalis,  may  be  ufed  in  medicine,  and 
taken  internally.  They  are  called  Tachemus’s  Sails , 
becaufe  invented  by  that  Chymift. 

Marine  plants  yield  a  fixed  alkali  analogous  to 
that  of  fea-falt.  As  for  all  otherplants  or  vegetable 
fubftances,  the  fixed  alkalis  obtained  from  them, 
if  rightly  prepared  and  thoroughly  calcined,  are  all 
perfedtly  alike,  and  of  the  very  fame  nature.  • 

The  laft  obfervation  I  have  to  make  on  the  pro- 
dudtion  of  fixed  alkalis  is,  that  if  the  plant  you  in¬ 
tend  to  work  upon  be  fteeped  or  boiled  in  water 
before  you  burn  it,  a  much  fmaller  quantity  of  fait 
will  be  obtained  from  it  ;  nay,  it  will  yield  none  at 
all,  if  repeated  boilings  have  robbed  it  entirely  of 

thofe 


H2  Elements  of  the 

thole  faline  particles  which  mu  ft  neceftarily  concur 
with  its  earth  to  form  a  fixed  Alkali. 

§.  II.  Ÿhe  Analysis  of  Animal  Substances.- 
Succulent  animal  fubftances,  fuch  as  new-killed 
flefh,  yield  by  expreftion  a  juice  or  liquid,  which 
is  no  other  than  the  phlegm,  replete  with  all  the 
principles  of  the  animal  body,  except  the  earth,  of 
which  it  contains  but  little.  The  hard  or  dry  parts, 
fuch  as  the  horns,  bones,  &c.  yield  a  fimilar  juice, 
by  boiling  them  in  water.  Thefe  juices  become 
thick,  like  a  glue  or  jelly,  when  their  watery  parts 
are  evaporated  ;  and  in  this  ft  ate  they  are  true  ex¬ 
tracts  of  animal  matters.  Thefe  juices  afford  no 
ciyftals  of  efiential  fait,  like  thoie  obtained  from  ve¬ 
getables,  and  fhew  no  fign  either  of  an  acid  or  an 
alkali. 

Great  part  of  the  oil  which  is  in  the  flefti  of  ani¬ 
mals  may  be  eafily  feparated  without  the  help  of 
fire  ;  for  it  lies  in  a  manner  by  itfelf  :  it  is  com¬ 
monly  in  a  concrete  form,  and  is  called  Fat.  This 
oil  fomewhat  refembles  the  fat  oils  of  vegetables  ; 
for  like  them  it  is  mild,  unCtuous,  indifibluble  in 
fpirit  of  wine,  and  is  fubtilized  and  attenuated  by  the 
acftion  of  fire.  But  there  is  not  in  animals,  as  in 
vegetables,  any  light  efiential  oil,  which  rifes  with 
the  heat  of  boiling  water  ;  fo  that  properly  fpeak- 
ing,  animals  contain  but  one  fort  of  oil. 

Few  animal  fubftances  yield  a  perceptible  acid, 
ants  and  bees  are  almoft  the  only  ones  from  which 
any  can  be  obtained  ;  and  indeed  the  quantity 
which  they  yield  is  very  fmall,  as  the  acid  itfelf  is 
extremely  weak. 

The  reafon  thereof  is,  that  as  animals  do  not 
draw  their  nourifhment  immediately  from  the  earth, 
but  feed  wholly  either  on  vegetables  or  on  the  fiefh 
of  other  animals,  the  mineral  acids,  which  have 
already  undergone  a  great  change  by  the  union  con¬ 
tracted 
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traded  between  them  and  the  oily  matters  of  the 
vegetable  kingdom,  enter  into  a  clofer  union  and 
combination  with  thefe  oily  parts  while  they  are 
paffing  through  the  organs  and  {trainers  of  animals; 
whereby  their  properties  are  deltroyed,  or  at  lead  fo 
impaired  that  they  are  no  longer  fenfible. 

Animal  matters  yield  in  diftillation,  firft,  a 
phlegm,  and  then,  on  increafing  the  fire,  a  pretty 
clear  oil,  which  gradually  becomes  thicker,  blacker, 
more  fetid,  and  empyreumatic.  It  is  accompanied 
with  a  great  deal  of  volatile  alkali  ;  and  if  the  fire 
be  railed  and  kept  up  till  nothing  more  comes  over, 
there  will  remain  in  the  diltilling  vefiel  a  coal  like 
that  of  vegetables  ;  except  that  when  it  is  reduced 
to  afhes,  no  fixed  alkali,  or  at  leaf!  very  little,  can 
be  obtained  from  them,  as  from  the  allies  of  ve¬ 
getables.  This  arifes  from  hence  that,  as  we  laid 
before,  the  faline  principle  in  animals  being  more 
intimately  united  with  the  oil  than  it  is  in  plants, 
and  being  confequently  more  attenuated  and  fubti- 
lized,  is  too  volatile  to  enter  into  the  combination 
of  a  fixed  alkali  ;  on  the  contrary  it  is  more  dif- 
pofed  to  join  in  forming  a  volatile  alkali,  which  on 
this  occafion  does  not  rife  till  after  the  oil,  and 
therefore  mull  certainly  be  the  production  of  the 
fire.  It  mult  be  obferved,  that  all  we  have  hitherto 
faid  concerning  the  analyfis  of  bodies  mult  be  un- 
derltood  of  fuch  matters  only  as  have  not  undergone 
any  fort  of  Fermentation. 

The  chyle  and  the  milk  of  animals  which  feed  on 
plants  Hill  retain  fome  likenefs  to  vegetables  ;  be- 
caufe  the  principles  of  which  thele  liquors  are  com- 
pofed  have  not  gone  through  all  the  changes  which 
they  mult  fufier  before  they  enter  into  the  animal 
combination. 

Urine  and  fweat  are  excrementitious  aqueous  li¬ 
quors,  loaded  chiefly  with  the  faline  particles  which 
are  of  no  fervice  towards  the  nourifhment  of  the. 

animal, 
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animal,  but  pafs  through  its  ftrainers  without  re¬ 
ceiving  any  alteration;  fuch  as  the  neutral  laits 
which  have  a  fixed  alkali  for  their  balls,  and 
particularly  the  fea-falt  which  happens  to  be  jin 
the  food  of  animals,  whether  it  exift  therein  natu¬ 
rally,  as  it  does  in  fome  plants,  or  whether  the  ani¬ 
mals  eat  it  to  pleafe  their  palates. 

The  faliva,  the  pancreatic  juice,  and  efpecially 
the  bile,  are  faponaceous  liquors,  that  is,  they  con- 
fifi:  of  faline  and  oily  particles  combined  together  ; 
fo  that  being  themfelves  diffolved  in  an  aqueous  li¬ 
quor,  they  are  capable  of  diflolving  likewife  the 
oily  parts,  and  of  rendering  them  mifcible  with 
water. 

Laftly,  the  blood  being  the  receptacle  of  all 
thefe  liquors  partakes  of  the  nature  of  each,  more 
or  lefs  in  proportion  to  the  quantity  thereof  which 
it  contains. 

§•  III.  The  Analysis  of  Mineral  Substances. 

Minerals  differ  greatly  from  vegetables,  and 
from  animals  ;  they  are  not  near  lo  complex  as 
thofe  organized  bodies,  and  their  principles  are 
much  more  fimple  ;  whence  it  follows  that  thefe 
principles  are  much  more  clofely  connefted,  and 
that  they  cannot  be  feparated  without  the  help  of 
fire  ;  which  not  having  on  their  parts  the  fame  ac¬ 
tion  and  the  fame  power  as  on  organized  bodies,  hath 
not  the  fame  ill  efiect  on  them  ;  I  mean  the  e  fie  ft 
of  changing  their  principles,  or  even  deftroying 
them  entirely. 

1  do  not  here  fpeak  of  pure,  vitrifiable,  or  refrac¬ 
tory  earths  ;  of  mere  metals  and  femi-metals  ;  of 
pure  acids  ;  or  even  of  their  fimplefl  combinations, 
fuch  as  lulphur,  vitriol,  alum,  fea-falt:  of  ail 
thefe  we  have  faid  enough. 

vV  e  are  now  to  treat  o!  bodies  that  are  more  com¬ 
plex,  and  therefore  more  fufceptibleof  decompoficion. 

6  Thefe 
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Thefe  bodies  are  compound  maffes  or  combinations 
Of  thole  above-mentioned  ;  that  is,  metallic  fuh- 
ftances  as  they  are  founci  in  the  bov/els  of  the  earth, 
united  with  lèverai  forts  of  land,  Hones,  earths' 
fern i- metals,  fulphtu,  &c.  When  the  metallic  mat¬ 
ter  is  combined  with  other  matters  in  fnch  a  pro¬ 
portion  to  the  reft  that  it  may  be  feparated  from 
them  with  advantage  and  profit,  thefe  compounds 
are  called  Ores  :  when  the  cafe  is  otherwife,  they  are 
called  Pyrites ,  and  Marc  fîtes  \  efpecially  if  fulphur 
or  arfenic  be  predominant  therein,  which  often  hap¬ 
pens. 

In  order  to  analyfe  an  ore,  and  get  out  of  it  the 
metal  it  contains,  the  firft  ftep  is  to  free  it  from  a 
great  deal  of  earth  and  Hones  which  commonly  ad¬ 
here  to  it  very  flightiy  and  luperficialiy.  This  is 
effiedted  by  pounding  the  ore,  and  then  wafhing  it 
in  water  \  to  the  bottom  of  which  the  metalline  parts 
prefently  fink,  as  being  the  heavieft,  while  the 
fimall  particles  of  earth  and  Hone  remain  fufpended 
fome  time  longer. 

Thus  the  metallic  part  is  left  combined  with 
fuch  matters  only  as  are  moft  intimately  complicated 
with  it.  Thefe  iubftances  are  moft  commonly  fill» 
phur  and  arienic.  Now  as  they  are  much  more 
volatile  than  other  mineral  matters,  they  may  be 
dilfipated  in  vapours,  or  the  fulphur  may  be  con- 
fumed,  by  expofing  the  ore  which  contains  them 
to  a  proper  degree  of  heat.  If  the  fulphur  and  arfe¬ 
nic  be  defired  by  themfelves,  the  fumes  thereof 
may  be  catched  and  colledtcd  in  proper  velfels  and 
places.  This  operation  is  called  Roafting  an  Ore. 

The  metal  thus  depurated  is  now  fit  to  be  expofed 
to  a  greater  force  of  fire,  capable  of  melting  it. 

On  this  occafion  the  lemi- metals,  and  the  im¬ 
perfect  metals  require  the  addition  of  fome  matter 
abounding  in  phlogifton,  particularly  charcoal- 
duft  ;  becaufe  thefe  metallic  fubftances  lofe  their 
phlogifton  by  the  adtion  of  the  fire,  or  of  the  fluxes 
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joined  with  them,  and  therefore  without  this  pre¬ 
caution  would  never  acquire  either  the  fplendour  or 
the  dudlility  of  a  metal.  By  this  means  the  me¬ 
tallic  fubflance  is  more  accurately  feparated  from  the 
earthy  and  {tony  parts,  of  which  fome  portion  al¬ 
ways  remains  combined  therewith  till  it  is  brought 
to  fufion.  For,  as  we  obferved  before,  a  metallic 
glafs  or  calx  only  will  contract  an  union  with  fuch 
matters  ;  a  metal  poffeffed  of  its  phlogiflon  and 
metalline  form  being  utterly  incapable  thereof. 

We  took  notice  of  the  caufe  of  this  feparation 
above,  where  we  fhewed  that  a  metal  poffeffed  of  its 
phlogiflon  and  metalline  form  will  not  remain  inti¬ 
mately  united  with  any  calcined  or  vitrified  matter, 
not  even  with  its  own  calx  or  glafs. 

The  metal  therefore  on  this  occafion  gathers  into 
a  mafs,  and  lies  at  the  bottom  of  the  veffel,  as 
being  moll  ponderous  ;  while  the  heterogeneous  mat¬ 
ters  float  upon  it  in  the  form  of  a  glafs,  or  a  femi- 
vitrification.  Thefe  floating  matters  take  the  name 
of  Scoriæ ,  and  the  metalline  fubflance  at  bottom  is 
called  the  Regulus. 

ît  frequently  happens  that  the  metalline  regulus 
thus  precipitated  is  itfelf  a  compound  of  lèverai  metals 
mixed  together,  which  are  afterwards  to  be  feparated. 
We  cannot  at  prefent  enter  into  a  detail  of  the  ope¬ 
rations  neceffary  for  that  purpofe  :  they  will  appear 
in  our  1  reatife  of  Practical  Chymijiry  :  but  the  prin¬ 
ciples  on  which  they  are  founded  may  be  deduced 
from  wdiat  we  have  laid  above  concerning  the  proper¬ 
ties  of  the  feveral  metals  and  of  acids. 

It  is  proper  to  obferve,  before  we  quit  this  fub- 
jedb,  that  the  rules  here  laid  down  for  analyfing 
ores  are  not  abfolutely  general  :  for  example,  it  is 
often  advifable  to  roafl  the  ore  before  you  wafh  it  ; 
for  by  that  means  fome  ores  are  opened,  attenuated, 
and  made  very  friable,  which  would  coft  much  trou¬ 
ble 
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bîe  and  expence,  on  account  of  their  exceftiv"  hard 

nefs,  if  you  fhould  attempt  to  pound  them  without 
a  previous  torrefaftion. 

It  is  alfo  frequently  neceffary  to  feparate  the  ore 
from  part  only  of  its  ftone  ;  fometimes  to  leave  the 
whole  ;  and  fometimes  to  add  more  to  it,  before 
you  fmelt  it.  This  depends  on  the  quality  of  the 
ftone,  which  always  helps  to  promote  fufion  when 
it  is  in  its  own  nature  fufible  and  vitrifiable.  It  is 
then  called  the  1:1  hot  or  the  ore  :  But  of  this  we  muff 
fay  as  we  did  of  the  preceding  article  ;  it  is  fufficient 
for  our  prefent  purpofe  to  lay  down  the  fundamental 
principles  on  which  the  reafon  of  every  procefs 
is  built  ;  the  defcripdon  of  the  operations  them- 
felves  being  referved  for  our  fécond  Part. 

We  fhall  now  give  a  fuccinft  account  of  the  princi¬ 
pal  ores  and  mineral  bodies,  contenting  ourfelves 

with  juft  pointing  out  the  particulars  of  which  they 
feverally  confift. 

Of  the  Pyrites. 

^he  yellow  Pyrites* 

The  yellow  Pyrites  is  a  mineral  confining  of 
fulphur,  iron,  an  unmetallic  earth,  and  frequently 
a  little  copper  :  the  fulphur,  which  is  the  only  one 
of  thefe  principles  that  is  volatile,  may  be  feparatecf 
from  the  reft  by  fublimation  :  it  ufually  makes  a 
fourth,  and  fometimes  a  third,  of  the  whole  weight  of 
thefe  Pyrites.  The  other  principles  are  feparated  from 
one  another  by  fufion  and  reduction  with  the  phlo- 
gifton,  which,  by  metallizing  the  ferruginous  and 
cupreous  earths,  parts  them  from  the  unmetallic 
earth  :  for  this  earth  vitrifies,  and  cannot  afterwards 
continue  united  with  metallic  matters  pofteffed  of 
their  metalline  form,  as  hath  been  faid  before. 

L  2  There 
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There  is  yet  another  way  of  decompofing  the 
yellow  Pyrites,  which  is  to  let  it  lye  till  it  effio- 
refces,  or  begins  to  ihoot  into  flowers  ;  which  is 
nothing  but  a  fort  of  flow  accenfion  of  the  ful- 
phur  it  contains.  The  fulphur  being  by  this 
means  decompofed,  its  acid  unites  with  the  ferru¬ 
ginous  and  cupreous  parts  of  the  Pyrites*  and 
therewith  forms  green  and  blue  vitriols  5  which 
may  be  extracted  by  fteeping  in  water  the  Pyrites 
which  has  efflorefced  or  been  burnt,  and  then  eva¬ 
porating  the  lixivium  to  a  pellicle;  for  by  this  means 
the  vitriol  will  flioot  into  cry  dais. 

Sometimes  the  Pyrites  contains  alfo  an  earth  of 
the  fame  nature  with  that  of  alum  :  a  Pyrites  of 
this  fort,  after  flowering,  yields  alum  as  well  as 
vitriol. 

Phe  White  Pyrites » 

The  white  Pyrites  contains  much  arfenic,  a 
ferruginous  earth,  and  an  un  metallic  earth.  The 
arfenic  being  a  volatile  principle  may  be  feparated 
by  fublimation  or  diftillation  from  the  reft,  which 
are  fixed  :  and  thefe  again  may  be  disjoined  from 
each  other  by  fufion  and  reduction,  as  was  faid  in 
relation  to  the  yellow  Pyrites. 

Phe  Copper  Pyrites . 

The  Copper  Pyrites  contains  fulphur,  copper, 
and  an  on  metallic  earth.  A  great  deal  thereof 
likewife  holds  arfenic,  and  its  colour  approaches 
more  or  lefs  to  orange,  yellow,  or  white,  accord¬ 
ing  to  the  quantity  of  arfenic  in  it.  It  may  be  de¬ 
compofed  by  the  fame  means  as  the  yellow  and  white 
Pyrites. 
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Of  Ores. 

Of  Gold  Ores, 

Gold  being  conftantly  found  in  its  metalline 
form,  and  never  combined  with  fulphur  and  arfe- 
nic,  its  ores  are  not,  properly  fpeaking,  ores;  be- 
caufe  the  metal  contained  in  them  is  not  mine¬ 
ralized.  1  he  gold  is  only  lodged  between  particles 
of  Hone,  earth,  or  land,  from  which  it  is  eafily  fe- 
parated  by  lotion,  and  by  amalgamation  with  quick- 
filver.  The  gold  thus  found  is  feldom  pure,  but  is 
frequently  alloyed  with  more  or  lefs  hiver,  from 
which  it  is  to  be  leparated  by  quartation. 

It  is  alfo  very  common  to  find  gold  in  moft 
ores  of  other  metals  or  femi-metals,  and  even 
in  the  Pyrites  ;  but  the  quantity  contained  therein  is 
generally  fo  fmall,  that  it  would  not  pay  the  coil  of 
extracting  it.  However,  if  any  fhould  incline  to 
attempt  it,  merely  out  of  curiohty,  it  would  be  ne- 
ceffary  to  begin  with  treating  thefe  ores  in  the  man¬ 
ner  proper  for  feparating  their  metalline  part  ;  then 
to  cupel  the  metalline  regulus  fo  obtained;  and 
laftly  to  refine  it  by  quartation. 

Of  Silver  Ores . 

It  is  no  rare  thing  to  find  hiver,  as  well  as  gold* 
in  its  metalline  form,  only  lodged  in  fundr’y  earths 
and  fhony  matters,  from  which  it  may  be  feparated 
in  the  fame  manner  as  gold.  But  the  greateft 
quantities  of  this  metal  are  ufually  dug  out  of  the 
bowels  of  the  earth  in  a  truly  mineral  hate  ;  that  is, 
combined  with  different  fubftances,  and  particularly 
with  fulphur  and  arfenic. 

Several  hiver  ores  are  dihinguifhed  by  peculiar 
charahlerifticks,  and  are  accordingly  denoted  by 
particular  names.  That  which  is  called  the  Vi- 
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treous  Silver  Ore ,  is  fcarce  any  thing  elfe  but  a  com* 
bination  of  hiver  and  fulphur.  Another  is  known 
by  the  name  of  the  Horny  Silver  Ore ,  becaufe  when 
in  thin  plates  it  is  femi-tranfparent  :  in  this  ore  the 
filver  is  mineralized  by  fulphur  and  a  little  arfe- 
nic.  The  Red  Silver  Ore  is  of  the  colour  which 
its  name  imports,  fometimes  more,  fometimes  lefs 
vivid  ;  and  is  chiefly  compofed  of  filver,  arfenic, 
and  fulphur  :  it  alfo  contains  a  little  iron. 

Thefe  three  ores  are  very  rich  in  filver  :  the  firft 
contains  nearly  three  fourths  of  its  weight,  and  the 
others  about  two  thirds  of  theirs. 

There  is  a  fourth,  called  the  White  Silver  Orey 
which  though  it  be  heavier,  is  not  fo  rich  in  filver, 
becaufe  it  contains  much  copper.  Many  other  ores 
contain  filver,  yet  are  not,  properly  fpeaking,  filver 
ores  ;  becaufe  a  much  greater  quantity  of  other  me¬ 
tals  than  of  filver  is  found  in  them. 

When  a  filver  ore  is  to  be  decompofed,  in  order  to 
have  the  filver  pure,  or  when  filver  is  to  be  extracted 
out  of  any  ore  that  contains  it,  the  firft  thing  to  be 
done  is  to  roaft  the  ore  in  order  to  clear  it  of  the  vola¬ 
tile  minerals  :  and  as  filver  cannot  be  had  pure  with¬ 
out  the  operation  of  the  cupel,  which  requires  more 
or  lefs  lead  to  be  joined  with  it,  it  is  ufual  to  mix 
with  the  tonified  filver  ore  a  quantity  of  lead  pro¬ 
portioned  to  that  of  the  heterogeneous  matters  com- 
bined  with  the  filver,  and  to  melt  the  v/hole  tose- 
ther.  Part  of  the  added  lead  vitrifies  during  the 
fufion,  and  at  the  fame  time  converts  fome  of  the 
heterogeneous  matters  alio  into  glafs,  with  which 
it  forms  a  feoria  that  riles  to  the  iurface  of  the 
matter.  The  other  part  of  the  lead,  with  which  the 
filver  is  mixed,  falls  to  the  bottom  in  the  form  of  a 
regulus,  which  muft  be  cupelled  in  order  to  have 
the  filver  pure. 
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Of  Copper  Ores . 

Copper  is  much  feldomer  found  in  a  metalline 
form,  than  gold  or  filver  :  it  is  commonly  in  a  mi¬ 
neral  ftate  :  it  is  mineralized  by  fulphur  and  arfe- 
nic  .  almoft  all  its  ores  contain  alfo  more  or  lels 
iron  ;  fometimes  a  little  filver  or  even  gold,  to¬ 
gether  with  unmctallic  earths  and  (tones,  as  all 
ores  do. 

Mod  copper  ores  are  of  a  beautiful  green  or  blue, 
or  elfe  in  lhades  blended  of  thefe  two  colours.  The 
minerals  called  mountain  green,  and  mountain  blue, 
are  true  copper  ores  ;  not  in  the  form  of  hard  (tones’ 
like  other  ores,  but  crumbly  and  friable  like  earth. 

Neverthelefs  there  are  feveral  copper  ores  of  diffe¬ 
rent  colours,  as  afh- coloured,  whitifh,  and  (haded 
with  yellow  or  orange  ;  which  colours  arife  from  the 
different  proportions  of  arfenic,  fulphur,  and  iron, 
which  thefe  ores  contain. 

In  order  to  decompofe  a  copper  ore,  and  to  ex¬ 
tract  the  copper  it  contains,  it  is  firft  of  all  to 
be  freed  from  as  many  of  its  earthy,  ftony,  ful- 
phufeous,  and  arfenical  parts,  as  is  poffible,  by 
roafting  and  wafhing  ;  then  what  remains  is  to  be 
mixed  with  a  flux  compounded  of  a  fixed  alkali 
and  fome  inflammable  matter;  a  little  fea-falt  is  to  be 
put  over  all,  and  the  whole  melted  by  a  ftrong 
fire.  T  he  faits  facilitate  the  fufion  andTcorification 
of  the  unmetallic  matters,  and  therewith  form  a 
flag,  which  being  the  lighted  rifes  to  the  furface. 
The  metalline  matters  are  collected  below  in  the 
form  of  a  fhining  regulus  of  copper  ;  which,  how¬ 
ever,  is  not  ufually  fine  copper,  but  requires  to  be 
purified  in  the  manner  to  be  fhewn  in  our  fécond 
part. 

In  order  to  feparate  the  copper  from  the  unmetallic 
matters,  it  is  abfolutely  neceffary  to  melt  its  ore 
&long  with  inflammable  fubftapees  abounding  in 
.  L  4  phlogiflon. 
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phlogifton.  For,  as  this  metal  is  not  poftefted 
of  its  metalline  form  while  it  is  in  a  mineral 
ftate,  as  it  is  deftitute  of  the  true  quantity  of  phlo- 
giflxm,  and,  though  it  were  not,  would  lofe  it  by 
the  addon  of  the  fire,  it  would  come  to  pafs  that  if 
its  ore  were  melted  without  the  addition  of  any  in¬ 
flammable  matter,  the  cupreous  earth  or  calx  would 
be  Icorified  and  confounded  with  the  unmetallic 
matters  ;  and  as  all  metallic  matters,  except  gold 
and  fiiver,  are  fubjedl  to  this  inconvenience  as 
well  as  copper,  the  addition  of  an  inflammable  fub- 
ftance,  in  fluxing  all  ores  that  contain  them,  is  a  ge¬ 
neral  rule  that  ought  conftandy  to  be  obferved. 

Of  Iron  Ores. 

Iron  is  fèldom  found  pure  and  malleable  in  the 
earth  j  yet  it  is  much  feldomer  found  in  the  mineral 
Fate,  properly  fo  called,  than  any  of  the  other  me¬ 
tals  :  for  mode  iron  ores  are  fcarce  any  thing  more 
than  a  ferruginous  earth  mixed  in  different  pro¬ 
portions  with  unmetallic  earths  and  flones.  Some 
of  them,  however,  contain  alfo  volatile  minerals, 
fuch  as  fulphur  and  arfenic  ;  and  therefore  it  is  ne- 
ceflary  to  roaft  the  iron  ores,  like  all  others,  before 
you  attempt  to  extract  the  metal  out  of  them.  That 
being  done,  they  are  to  be  fmelted  with  a  flux  con- 
lifting  of  fufible  and  inflammable  matters,  as  the  ge¬ 
neral  rule  directs. 

Iron  is  the  commoneft  of  all  metals  ;  nay,  it  is 
fo  univerfally  diffuied  through  the  earth,  that  it  is 
difficult  to  find  any  ftone,  earth,  or  fand,  that  does 
not  contain  fome  of  it  ;  and  therefore  none  of  thefe 
are  ufually  confidered  and  treated  as  iron  ores,  except 
fuch  as  contain  a  great  deal  of  that  metal,  and  melt 
eaflly.  The  hematites,  emery,  yellow  pyrites,  ca¬ 
lamine,  all  contain  a  pretty  confrderable  quantity  of 
iron  -,  but  no  body  attempts  to  extratft  it  from 
them,  becaufe  they  are  very  hard  to  melt. 

Ferruginous 
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Ferruginous  earth  being  naturally  of  an  orange 
colour,  a  done  or  earth  may  be  judged  to  contain 
iron,  if  either  naturally  or  after  roalting  it  appears 
to  have  any  fhade  of  yellow  or  red. 

The  fingular  property  which  iron  has  of  being 
attrabfed  by  the  magnet,  and  of  being  the  only  body, 
exclu  five  of  all  others,  that  is  fo,  likewife  affords 
us  an  eafy  method  of  difcovering  the  prefence  of 
this  metal  among  other  matters,  where  it  often  exids 
in  fuch  a  fmall  quantity  that  it  could  not  otherwife 
be  found  out.  For  this  purpofe  the  body  in  which 
iron  is  fufpe&ed  to  lurk,  mud  be  pulverifed  and  tor¬ 
refied  with  fome  inflammable  matter;  and  then  the 
powder  thus  roaded  being  touched  with  a  magnet, 
or  a  magnetical  bar,  if  it  contains  any  particles  of 
iron  they  will  infallibly  adhere  to  the  magnet  or 
bar, 


Of  Tin  Ores. 

Tin  is  never  found  in  the  earth  pure  and  malle¬ 
able,  but  always  in  a  mineral  ftate,  and  always  mi¬ 
neralized  by  arfenic.  Tin  ores  are  not  fulphureous  ; 
whence  it  comes  that  though  tin  be  the  lighted  of 
all  metals,  its  ores  are  neverthelefs  heavier  than 
thofe  of  other  metals,  as  arfenic  greatly  exceeds  ful- 
phur  in  gravity.  Some  tin  ores  contain  alfo  a  little 
iron.  The  ores  of  tin  are  to  be  walked,  roaded, 
and  fmelted  with  a  reducing  flux,  according  to  the 
general  rules. 

Of  Lead  Ores. 

Lead,  like  tin,  is  never  found  but  in  a  mineral 
date.  It  is  mod  commonly  mineralized  by  ful- 
phur  ;  yet  there  are  fome  lead  ores  which  alfo  con¬ 
tain  arfenic. 

Lead  ores,  as  well  as  all  others,  mud  be  roaded 
and  fmelted  with  a  reducing  flux  :  however,  as  it  is 
difficult  to  free  them  from  all  their  fulphur  By  torre- 

faftion 


154  El E  MEN  T s  of  the 

fadtion  only,  the  reducing  flux  employed  in  their 
full  on  may  be  made  up  with  a  quantity  of  iron 
filings,  which  being  incapable  of  any  union  with 
lead,  and  having  a  much  greater  affinity  than  that 
metal  with  fulphur,  will  on  this  occafion  be  of 
great  fervice  by  interpofing  between  them. 

Of  Quick  fiver  Ores, 

Running  Mercury  is  fometimes  found  in  cer¬ 
tain  earths,  or  grey,  friable  Hones  ;  but  mod  com¬ 
monly  in  a  mineral  Hate.  It  is  always  mineralized 
by  fulphur,  and  by  fulphur  alone  :  fo  that  cinabar 
is  the  only  ore  of  quick-filver  that  we  know  of; 
and  a  very  rich  one  it  is,  feeing  it  contains  fix  or 
feven  times  as  much  mercury  as  fulphur, 

Reading  can  be  of  no  ufe  towards  decompo- 
fing  the  ore  of  mercury,  and  feparating  its  ful¬ 
phur  ;  becaufe  mercury  being  itfelf  very  volatile 
would  be  carried  off  by  the  fire  together  with  the 
fulphur.  In  order  therefore  to  part  the  two  fub- 
ffances  of  which  cinabar  confifts,  recourfe  muff  ne- 
ceffarily  be  had  to  fome  third  body,  which  will  unite 
with  one  of  them,  and  by  that  means  feparate  it 
from  the  other.  Now  all  the  metals,  except  gold, 
having  a  greater  affinity  than  mercury  with  ful¬ 
phur,  inch  a  body  is  eafily  found  :  any  metal  but 
gold  may  be  employed  with  lliccefs  in  this  decom- 
pofition  ;  but  as  iron  hath  a  greater  affinity  with  ful¬ 
phur  than  any  of  the  red,  and  is  moreover  the  only 
one  that  cannot  unite  with  mercury,  it  mull:  on 
account  of  thefe  two  qualities  be  preferred  to  all 
the  reft. 

Fixed  alkalis  are  alfo  well  qualified  to  abforb 
the  fulphur  of  cinabar.  Cinabar  mu  ft  be  decom- 
pofed  in  dole  veffels,  and  by  the  way  of  diftilla». 
tion  j  otherwife  the  mercury,  as  foon  as  it  feparates 

from 
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from  the  fulphur,  will  be  dilfipated  in  vapours 
and  entirely  loft. 

In  this  operation  it  is  needlefs  to  add  either  flux 
or  phlogifton  ;  becaufe  the  cinabar  is  decompoled 
without  melting,  and  the  mercury,  though  in  a 
mineral  ftate,  contains,  like  gold  and  fllver,  all 
the  phlogifton  requiftte  to  fecure  its  metalline 
properties. 

Of  the  Ores  of  Regulus  of  Antimony . 

R  egulus  of  Antimony  is  always  found  in  a  mi¬ 
neral  ftate  :  it  is  mineralized  by  fulphur  ;  but  fome- 
times,  though  rarely,  it  is  alfo  combined  with  a 
little  arfenic. 

When  the  ore  of  regulus  of  antimony  is  to  be  de- 
compofed,  the  firft  thing  to  be  done  is  to  expofe  it  to 
a  degree  of  heat  too  weak  to  melt  its  earthy  and  ftony 
parts,  but  ftrong  enough  to  fufe  its  reguline  together 
with  its  fulphureous  parts,  which  by  this  means  are 
feparated  from  the  earth,  and  united  into  one  mafs, 
known  by  the  name  of  Antimony. 

It  is  plain  that  this  firft  operation,  which  is  founded 
on  the  great  fufibility  of  antimony,  produces,  with 
regard  to  the  ore  of  regulus  of  antimony,  the  fame 
effecft  that  walking  hath  on  other  ores  :  fo  that  after 
this  firft  fufton  nothing  more  is  requiftte  to  the  obtain¬ 
ing  of  a  pure  regulus  of  antimony,  but  to  ieparate 
it  from  it's  fulphur  by  roafting,  and  to  melt  it  with 
fome  matter  abounding  in  phlogifton,  in  the  fame 
manner  as  other  metallic  matters  are  treated.  The 
term  calcination  is  generally  ufed  to  exprefs  this 
torrefadfion  of  antimony,  by  means  whereof  the 
metallic  earth  of  the  regulus  of  antimony  is  feparated 
from  its  fulphur. 

As  regulus  of  antimony  hath,  like  mercury, 
much  lefs  affinity  with  fulphur  than  the  other  me¬ 
tals  have,  it  follows  that  antimony  may  be  decom¬ 
poled  by  the  fame  means  as  cinabar;  but  the  regu- 

f  lug 
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lus  fo  obtained  is  adulterated  with  a  portion  of  the 
additament  made  ufe  of,  which  combines  there¬ 
with. 

There  is  fill  another  procefs  employed  for  ob¬ 
taining  the  regulus  of  antimony  :  it  confifts,  as 
was  mentioned  in  its  place,  in  detonating  the  mine¬ 
ral  with  a  mixture  of  nitre  and  tartar,  applied  in 
fuch  a  proportion  that,  after  the  detonation  has 
confumed  the  fulphur,  there  may  remain  fo  much 
inflammable  matter  as  will  be  fufiicient  to  furnifh 
the  metalline  earth  of  the  antimony  with  the  phlo- 
gifton  neceffary  to  preferve  its  metallic  properties. 
But  by  this  method  lefs  regulus  is  produced,  than 
by  calcining,  or  torrefying,  and  reducing  as  ufuah 

Of  the  Ores  of  Bifmutb. 

The  ore  of  Bifmuth  conflfts  of  the  femi-metal 
mineralized  by  the  arfenic,  and  of  an  un  metallic 
earth.  It  is  very  eafy  to  decompofe  this  ore,  and 
to  extract  the  bifmuth  it  contains  :  for  this  pur- 
pofe  it  need  only  be  expofed  to  a  moderate  heat, 
whereby  the  arfenic  will  be  diffipated  in  vapours, 
and  the  bifmuth  melted,  which  will  then  feparate 
from  the  unmetallic  earth.  This  earth,  at  lead 
in  fevertal  ores  of  bifmuth,  poflfeffes  the  property  of 
tinging  all  vitriflable  matters  with  which  it  is  melted 
of  a  beautiful  blue  colour. 

To  decompofe  the  ore  of  bifmuth  no  flux  or  in¬ 
flammable  matter  is  ufed  ;  becaufe  this  femi- metal 
is  poflefled,  even  in  its  mineral  date,  of  all  the 
phlogiflon  requiflte  to  maintain  its  metalline  proper¬ 
ties;  and  its  great  fuflbility  makes  it  unneceflfary  to 
melt  the  metallic  earth  contained  in  its  ore. 

Of  the  Ores  of  Zinc . 

Zinc  is  not  generally  obtained  from  a  particular 
ore  of  its  own  ;  but  fublimes  during  the  fuflon  of  a 
mineral,  or  rather  a  confufed  mafs  of  minerals, 

that 
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that  contains  this  femi-metal  together  with  iron 
copper,  lead,  fulphur,  arfenic,  and,  like  all  other 
ores,  an  unmetallic  earth. 

Nevmhdefs  there  is  a  fubftance  which  may  be 
confidered  as  the  proper  ore  of  zink,  becaufe  it 
contains  a  pretty  large  quantity  of  that  femi-metal, 
a  little  iron,  and  an  unmetallic  earth.  It  is  called 
Calamine,  or  Lapis  Cclcminaris  :  but  hitherto  the 
art  of  procuring  zinc  direétly  from  this  mineral  hath 
no  where  been  practifed.  Calamine  is  commonly 
employed  only  to  convert  copper  into  brafs  or 
a  yellow  metal,  by  cementing  it  therewith.  In¬ 
deed  till  lately  no  eafy  or  practicable  method  of  ob¬ 
taining  pure  zinc  from  calamine  was  publickly 
known  ;  for  that  femi-metal  being  volatile  and  very 
inflammable,  its  ore  cannot  be  fufed  like  others.  Mr. 
Margraaf  was  the  firft  who,  by  mixing  powdered* 
charcoal  with  calamine  in  clofe  velfels,  obtained  a 
perfeét  zinc  from  it,  by  the  means  of  diftillation 
or  fublimation,  as  fhall  be  fhewn  in  our  Practical 
Chymiftry. 

Of  Arfenkal  Minerals . 

Arsenic,  as  well  as  fulphur,  is  naturally  com¬ 
bined  with  almoft  all  ores,  or  minerals  containing 
metallic  fubftances.  As  it  is  very  volatile,  while 
the  matters  with  which  it  is  united  are  fixed,  at 
leaft  in  comparifon  therewith,  it  is  eafily  feparated  by 
fublimation. 

The  minerals  that  contain  moft  arfenic  are  the 
white  pyrites,  orpiment,  and  cobalt.  We  have  al¬ 
ready  confidered  the  white  pyrites  :  as  to  Orpiment, 
it  conflits  of  fulphur  and  arfenic.  Both  thefe  fub- 
Itances  being  very  volatile,  it  is  difficult  to  feparate 
them  by  fublimation  :  yet,  with  proper  manage¬ 
ment,  and  a  due  regulation  of  the  fire,  this  fepara- 
tion  may  be  effedted;  becaufe  fulphur  fublimes  a  lit¬ 
tle  more  eafily  than  arfenic.  But  it  is  more  conve¬ 
nient 
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nient,  as  well  as  more  expeditious,  to  make  life  of 
fome  additament  that  hath  a  greater  affinity  with  one 
of  thofe  fubftances  than  with  the  other.  Fixed  al¬ 
kalis  and  mercury,  both  of  which  have  more  af¬ 
finity  with  fulphur  than  with  arfenic,  may  be  very 
properly  employed  on  this  occafion. 

Cobalt  is  a  mineral  compofed  of  arfenic,  an 
unmetallic  earth,  and  frequently  bifmuth  :  and  as 
none  of  thefe  are  very  volatile,  except  the  arfenic, 
this  may  be  eafily  feparated  from  the  reft  by  fubli- 
mation.  The  unmetallic  earth  which  remains  has, 
like  that  of  the  ore  of  bifmuth,  the  property  of 
giving  a  blue  colour  to  any  vitri  fiable  matters 
melted  with  it  ;  whence  it  is  conjectured  that  cobalt 
and  the  ore  of  bifmuth  have  a  great  refemblance,  or 
are  often  blended  with  each  other.  Neverthelefs 
Mr.  Brant,  an  ingenious  Swediffi  Chymift,  infills 
that  they  are  very  different  :  .he  pretends  that  the 
metallic  fubftance  contained  in  the  true  cobalt  is 
a  femi-metal  of  a  peculiar  nature,  which  hath  been 
erroneoufty  confounded  with  bifmuth  :  and  indeed 
he  proves  by  a  great  number  of  curious  experi¬ 
ments,  related  in  the  Memoirs  of  the  Academy  of 
Upfal,  that  thefe  two  metallic  fubftances  have  pro¬ 
perties  that  are  effentially  different  :  to  that  which  is 
obtained  from  cobalt  he  gives  the  name  of  Regulus 
of  Cobalt, 

Befides  the  minerals  already  recited,  there  is  found 
5n  the  bowels  of  the  earth  another  lpecies  of  com¬ 
pound  body,  of  which  we  have  already  taken  notice; 
but  which  is  luppoied,  with  fome  degree  of  pro¬ 
bability,  to  belong  as  much  to  the  vegetable  as  to 
the  mineral  kingdom  :  I  mean  the  Bitumens  ; 
which  the  bed  obfervations  oblige  us  to  confider 
as  vegetable  oils,  that  by  lying  long  in  the  earth 
have  contracted  an  union  with  the  mineral  acids, 
and  by  that  means  acquired  the  thick  nefs,  con¬ 
fidence,  and  other  properties  obfervable  in  them. 
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By  diflillation  they  yield  an  oil,  and  an  acid  not 
unlike  a  mineral  acid.  Mr.  Bourdelin  has  even  de" 
monftrated,  by  a  very  artful  and  ingenious  procels 
that  amber  contains  a  manifeft  acid  of  fea-ialt! 
See  the  Memoirs  of  the  Royal  Academy  of  Sciences! 


CHAP.  XVIL 

Explanation  of  the  Table  of  Affinities . 

IT  hath  been  fliewn  in  the  courfe  of  this  work 
that  the  caules  of  almoft  all  the  phenomena, 
which  Chymiftry  exhibits,  are  deducible  from  the 
mutual  affinities  of  different  fubftances,  efpecially 
the  fimpleft.  We  have  already  explained,  (fee  Chap., 
II.)  what  is  meant  by  Affinities,  and  have  laid  down 
the  principal  laws  to  which  the  relations  of  dif¬ 
ferent  bodies  are  fubjeâ.  The  late  Mr.  Geoffroy, 
one  of  the  belt  Chymifts  we  have  had,  being  con¬ 
vinced  of  the  advantages  which  all  who  cultivate 
Chymiftry  would  receive  from  having  con  ftantly  be¬ 
fore  their  eyes  a  Rate  of  the  beff  afeertained  relations 
between  the  chief  agents  in  Chymiftry,  was  the  firft 
who  undertook  to  reduce  them  into  order,  and 
unite  them  all  in  one  point  of  view,  by  means  of  a 
table.  We  are  of  opinion,  with  that  great  man,  that 
this  Table  will  be  of  confiderable  ufe  to  fuch  as  are 
beginning  to  ftudy  Chymiftry,  in  helping  them  to 
form  a  juft  idea  of  the  relations  which  different 
fubftances  have  with  one  another  ;  and  that  the 
practical  Chymift  will  thereby  be  enabled  to  account^ 
for  what  paffes  in  feveral  of  his  operations  otherwife 
difficult  to  be  underftood,  as  well  as  to  judge  what 
may  be  expedled  to  refult  from  mixtures  of  different 
compounds.  Thefe  reafons  have  induced  us  to 
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infert  it  at  the  end  of  this  elementary  treatife,  and  to 
give  a  ffiort  explanation  of  it  here  *  efpecially  as  it 
will  ferve,  at  the  fame  time,  for  a  recapitulation  of 
the  whole  work,  in  which  the  lèverai  axioms  of  this 
Table  are  difperfed. 

You  have  it  here  juft  as  it  was  drawn  up  by  Mr, 
Geoffroy,  without  any  addition  or  alteration.  I 
own,  however,  that  it  might  be  improved  both 
ways  -,  for  fince  the  death  of  that  great  Chymift 
many  experiments  have  been  made,  fome  of  which 
have  difcovered  new  affinities,  and  others  have 
raifed  exceptions  to  fome  of  thofe  laid  down  by 
him.  But  lèverai  reafons  diffuade  me  from  publish¬ 
ing  a  new  Table  of  Affinities,  containing  all  the 
emendations  and  innovations  that  might  be  made  in 
the  old  one. 

The  firft  is,  that  many  of  the  affinities  lately 
difcovered  are  not  yet  fufficiently  verified,  but, 
on  the  contrary,  fubject  to  be  contefted  :  in  ffiort, 
they  are  perhaps  liable  to  more  confiderable  ob¬ 
jections  and  exceptions  than  the  other. 

The  fécond  is,  that  as  Mr.  Geoffroy^  Table  con¬ 
tains  all  the  fundamental  affinities,  it  is  more  fuit- 
able  to  an  Elementary  Treatife  than  a  much  fuller 
one  would  be  -,  feeing  this  would  neceffarily  fuppofe 
the  knowledge  of  many  things  not  treated  of  by  us, 
and  of  which  it  was  not  proper  to  fay  any  thing 
in  Inch  a  book. 

However,  as  it  is  eftential  to  our  purpofe  that  we 
lead  none  into  error,  we  ffiall  take  care,  in  explain¬ 
ing  the  affinities  delivered  by  Geoffroy,  to  mention 
the  principal  objections  and  exceptions  to  which 
they  are  liable  :  we  ffiall  moreover  add  a  very  few 
new  ones,  confining  ourfelves  to  fuch  only  as  are 
elementary  and  well  afcertained. 

The  upper  line  of  Mr.  Geoffroy’s  Table  compre¬ 
hends  feveral  fubftances  ufed  in  Chymiftry.  Under 
each  of  thofe  fubftances  are  ranged  in  diftinCt  co¬ 
lumns 
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J limns  feveral  matters  compared  with  them,  in  the 
order  or  their  relation  to  that  firft  fubftance  ;  fo  as 
that  which  is  the  neared  to  it  is  that  which  hath  the 
greateft  affinity  with  it,  or  that  which  none  of  the 
fubftances  (landing  beiow  it  can  feparate  therefrom  \ 
but  which,  on  the  contrary,  feparates  them  all  when 
they  are  combined  with  it,  and  expels  them  in  or¬ 
der  to  join  itfelf  therewith.  The  lame  is  to  be  un- 
derftood  of  that  which  occupies  the  fécond  place  of 
affinity  ;  that  is,  it  has  the  lame  property  with  re¬ 
gard  to  all  below  it,  yielding  only  to  that  which  is 
above  it  :  and  fo  of  all  the  reft. 

At  the  top  of  the  firft  column  (lands  the  charac¬ 
ter  which  denotes  an  Acid  in  general.  Immediately 
under  this  (lands  the  mark  of  a  Fixed  Alkali,  being 
placed  there  as  the  fubftance  which  has  the  greateft 
affinity  with  an  Acid.  After  the  Fixed  Alkali  ap¬ 
pears  the  Volatile  Alkali,  whole  affinity  with  Acids 
yields  only  to  the  Fixed  Alkali.  Next  come  the  Ab- 
forbent  barths  ;  and  laft  of  all  Metallic  Subftances. 
Hence  it  follows  that  when  a  Fixed  Alkali  is  united 
with  an  Acid  it  cannot  be  feparated  therefrom  by 
any  other  fubftance  ;  that  a  Volatile  Alkali  united 
with  an  Acid  cannot  be  feparated  from  it  by  any 
thing  but  a  Fixed  Alkali,  that  an  Abforbent  Earth 
combined  with  an  Acid  may  be  feparated  from  it 
either  by  a  Fixed  or  by  a  Volatile  Alkali  ;  and 
laftly,  that  any  Metallic  Subftance  combined  with 
an  Acid  may  be  feparated  from  it  by  a  Fixed  Al¬ 
kali,  a  Volatile  Alkali,  or  an  Abforbent  Earth, 

There  are  many  important  remarks  to  be  made 
on  this  firft  column.  Firft,  it  is  making  the  rule 
too  general  to  fay  that  any  Acid  whatever  has  a 
greater  affinity  with  a  Fixed  Alkali,  than  with  any 
other  fubftance  :  and  indeed  Mr.  Geoffroy  himfelf 
hath  made  an  exception  with  refpeft  to  the  Vitriolic 
Acid  ^  for  in  the  fourth  column,  at  the  head  of 
which  (lands  that  Acid,  we  find  the  fign  of  the 

Vol.  I.  M  Phlogifton 
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Phlogiflon  placed  above  that  of  the  Fixed  Alkali, 
as  having  a  greater  affinity  than  the  Fixed  Alkali 
with  the  Vitriolic  Acid.  This  is  founded  on  the 
famous  experiment,  wherein  Vitriolated  Tartar  and 
Glauber’s  Salt  are  decompounded  by  means  of  the 
Phlogiflon,  which  feparates  the  Fixed  Alkalis  of 
thefe  Neutral  Salts,  and  uniting  with  the  Vitriolic 
Acid  contained  in  them  forms  therewith  a  Sul¬ 
phur. 

Secondly,  Nitre  deflagrates,  and  is  decompofed, 
by  the  contact  of  any  inflammable  matter  whatever 
that  is  actually  on  fire  ;  and  the  operation  which 
produces  Phofphorus  is.  no  other  than  a  decompofi- 
tion  of  fea-falt,  whofe  Acid  quits,  its  Alkaline  ba- 
Vis  to  join  with  the  Phlogiflon  :  now  thefe  fadts  fur- 
nifh  very  flrong  reafons  for  believing  that  both 
thefe  Adds,  as  well  as  the  Vitriolic,  have  a  ft  ronger 
affinity  with  the  Phlogiflon  than  with  a  Fixed  Al¬ 
kali.  Laftly,  as  lèverai  experiments  (hew  the  Ve¬ 
getable  Adds  to  be  only  the  Mineral  Acids  dif- 
guifed  and  mortified,  there  are  fufficient  grounds 
for  fufpeding  that  Acids  in  general  have  a  greater 
affinity  with  the  Phlogiflon  than  with  Fixed  Alka* 
lis  :  fo  that  inftead  of  making  an  exception  with 
regard  to  the  Vitriolic  Add,  it  would  perhaps  be 
better  to  lay  down  this  greater  affinity  as  common, 
to  all  Acids  whatever,  and  to  place  the  Phlogiflon 
in  the  firft  column,  immediately  under  the  charac¬ 
ter  which  denotes  an  Acid  in  general.  This  theory, 
however,  Hands  in  need  of  confirmation  from  other 
experiments  *, 

#  Mr.  Margraaf,  an  able  German  Chymift,  has  made  feveral 
experiments  which  induce  him  to  think  that  the  Acid  of  Phof¬ 
phorus  is  of  a  particular  kind,  and  different  from  that  of  fea- 
Îaît.  May  it  not  be  the  Marine  Acid,  but  altered  by  the  union 
it  has  contracted  with  the  phlogiflon  ?  Or  may  it  not  be,  with 
relpeCt  to  Phofphorus,  what  the  volatile  fulphureous  fpirit  is, 
with  refpeCt  to  Sulphur  ?  See  the  Memoirs  of  the  Royal  Acade¬ 
my  of  Sciences  of  Berlin. 

Thirdly, 
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Thirdly,  in  this  fame  column  the  character  of  a 
Volatile  Alkali  is  let  above  that  of  an  Abforbent 
Earth,  as  having  a  greater  affinity  with  Acids  5 
and  yet  thefe  Abforbent  Earths  decompofe  the  Am¬ 
moniacal  faits,  drive  away  the  Volatile  Alkali 
from  the  Acids,  and  allume  its  place.  This  is  one 
of  the  firft  objections  made  againft  Mr.  Geoffroy’s 
Table.  His  anfwer  thereto  is  printed  in  the  Me¬ 
moirs  of  the  Academy  of  Sciences  for  1718,  where 
his  Table  alfo  is  to  be  found.  We  have  already 
declared  our  opinion  about  this  matter  in  treating  of 
a  Volatile  Alkali. 

Fourthly,  in  1744,  Mr.  Geoffroy,  brother  to 
the  author  of  the  Table,  who  hath  done  no  lefs  ho¬ 
nour  to  Chymiftry  than  that  eminent  phyfician, 
gave  in  a  Memoir  containing  an  exception  to  the 
laft  affinity  in  the  firft  column  ;  namely,  that  which 
places  Ablorbent  Earths  above  Metallic  Subftances. 
Tie  therein  fhews  that  Alum  may  be  converted  into 
Copperas  by  boiling  it  in  Iron  veffels  -,  that  on  this 
occalion  the  Iron  precipitates  the  Earth  of  the  Alum, 
feparates  it  from  its  Acid,  and  affumes  its  place  ; 
fo  that  of  courfe  it  mud  have  a  greater  affinity,  than 
the  Abforbent  Earth  of  Alum,  with  the  Vitriolic 
Acid. 

At  the  head  of  the  fécond  column  ftands  the  cha¬ 
racter  of  the  Marine  Add,  which  lignifies  that  the 
affinities  of  this  Acid  are  the  fubjeCl  of  the  column. 
Immediately  below  it  is  placed  the  mark  of  Tin. 
As  this  is  a  Metalline  fubftance,  and  as  the  firft  co¬ 
lumn  places  Metalline  fubftances  in  the  loweft  degree 
of  affinity  v/ith  all  Acids,  it  is  plain  we  muft  iup- 
pofe  Fixed  Alkalis,  Volatile  Alkalis,  and  Abforbent 
Earths,  to  be  placed  here  in  order  after  the  Marine 
Acids,  and  before  Tin.  Tin,  then,  is  of  all  Me¬ 
talline  fubftances  that  which  has  the  greateft  affinity 
with  the  Marine  Acid  -,  and  then  follow  Regulus 
of  Antimony,  Copper,  Silver,  Mercury.  Gold 
comes  laft  of  all  \  and  there  are  no  lefs  than  tvro 
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vacant  places  above  it.  By  this  means  it  is  in  fome 
fort  excluded  from  the  rank  of  fubllances  that  have 
an  affinity  with  the  Marine  Acid.  The  reafon 
thereof  is  that  this  Acid  alone  is  not  capable  of  dif- 
folving  Gold  and  combining  therewith,  neceffarily 
requiring  for  that  purpofe  the  aid  of  the  Nitrous 
Acid,  or  at  leaft  of  the  Phlogifton. 

The  third  column  exhibits  the  affinities  of  the 
Nitrous  Acid,  the  chara&er  whereof  {lands  at  its 
head.  Immediately  below  it  is  the  fign  of  Iron,  as 
the  metal  which  has  the  greatefl  affinity  with  this 
Acid  ;  and  then  follow  other  metals,  each  accord¬ 
ing  to  the  degree  of  its  relation  ;  to  wit,  Copper, 
Lead,  Mercury,  and  Silver.  In  this  column,  as 
in  the  preceding  one,  we  mu  ft  fuppofe  the  fub- 
ftances,  which  in  the  firft  column  ftand  above  Me¬ 
tallic  fubftances,  to  be  placed  in  their  proper  order 
before  Iron. 

The  fourth  column  is  intended  to  reprefent  the 
affinities  of  the  Vitriolic  Acid.  Here  Mr,  Geoffroy 
has  placed  the  Phlogifton  as  the  fubftance  which 
has  the  greateft  affinity  with  this  Acid,  for  the  rea¬ 
fon  given  in  our  explanation  of  the  firft  column. 
Below  it  he  has  ranked  Fixed  Alkalis,  Volatile 
Alkalis,  and  Abforbent  Earths,  to  fhew  that  this 
is  an  exception  to  the  firft  column.  As  to  Metal¬ 
line  fubftances,  he  has  fet  down  but  three,  beino- 
thofe  with  which  the  Vitriolic  Acid  has  the  mol 
perceptible  affinity  :  thefe  metals,  placed  in  the  or¬ 
der  of  their  affinities,  are  Iron,  Copper,  and 
Silver. 

The  fifth  column  fhews  the  affinities  of  Abforbent 
Earths.  As  thefe  Earths  have  no  fenfible  affinity 
but  with  Acids,  this  column  contains  only  the  cha- 
raflers  of  the  Acids  ranked  according  to  the  degree 
of  their  ftrength,  or  affinity  with  the  Earths  ;  to 
wit,  the  Vitriolic,  the  Nitrous,  and'  the  Marine 

Acids» 
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Acids.  Underneath  this  laft  might  be  placed  thç 
Acid  of  Vinegar*  or  the  Vegetable  Acid. 

The  fixth  column  expreffes  the  affinities  of  Fixed 
Alkalis  with  Acids,  which  are  the  fame  with  thofe 
of  Abforbent  Earths.  Moreover,  we  find  Sulphur 
placed  here  below  all  the  Acids  ;  becaufe  Liver 
of  Sulphur,  which  is  a  combination  of  Sulphur  with 
a  Fixed  Alkali,  is  actually  decompounded  by  any 
Acid  :  for  any  Acid  precipitates  the  Sulphur  and 
unites  with  the  Alkali. 

Immediately  over  the  Sulphur,  or  in  the  fame 
fquare  with  it,  might  be  fet  a  mark  denoting  the 
Volatile  Sulphureous  Spirit  ;  becaufe,  like  Sul¬ 
phur,  it  has  lefs  affinity  than  any  other  Acid  with 
Fixed  Alkalis.  Cils  might  alio  be  ranked  with 
Sulphur,  becaufe  they  unite  with  Fixed  Alkalis, 
and  therewith  form  Soaps  which  are  decompounded 
by  any  Acid  whatever. 

The  feventh  column  points  out  the  affinities  of 
Volatile  Alkalis,  which  are  likewile  the  fame  as 
thofe  of  Abforbent  Earths  ;  and  the  Vegetable  Acid 
might  be  placed  here  alfo  under  the  Marine  Acid. 

The  eighth  column  fpecifies  the  affinities  of  Me¬ 
tallic  fublbances  with  Acids.  The  affinities  of  the 
Acids,  which  with  refpedt  to  Fixed  Alkalis,  Vola¬ 
tile  Alkalis,  and  Abforbent  Earths,  fucceeded  each 
other  uniformly,  do  not  appear  in  the  fame  order 
here.  The  Marine  Acid,  inftead  of  being  placed 
below  the  Vitriolic  and  Nitrous  Acids,  hands,  on 
the  contrary,  at  their  head  ;  becaufe,  in  fad,  this 
Acid  feparates  Metalline  fubftances  from  all  the 
other  Acids  with  which  they  happen  to  be  united, 
and  forcing  thefe  Acids  to  quit  poifeffion  intrudes 
into  their  place.  Neverthelefs,  this  is  not  a  general 
rule  $  for  feveral  Metalline  fubftances  muft  be  ex¬ 
cepted,  particularly  Iron  and  Copper. 

The  ninth  column  declares  the  affinities  of  Sul¬ 
phur.  Fixed  Alkalis,  Iron, Copper,  Lead,  Silver,  Re- 
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gulps  of  Antimony,  Mercury,  and  Gold,  ftand  be» 
low  it  in  the  order  of  their  affinities.  With  regard 
to  Gold  it  mull  be  obferved,  that  it  will  not  unite 
with  pure  Sulphur  ;  it  buffers  itfelf  to  be  diftolved 
only  by  the  Liver  of  Sulphur,  which  is  known 
tp  be  a  compofition  of  Sulphur  and  Fixed  Alkali. 

At  the  head  of  the  tenth  column  appears  Mer¬ 
cury,  and  beneath  it  lèverai  Metalline  fubftances,  in 
the  order  of  their  affinities  with  it.  Thole  Metal¬ 
line  fubftances  are  Gold,  Silver,  Lead,  Copper,  Zinc, 
and  Regulus  of  Antimony. 

It  is  proper  to  remark  on  this  column  that  Re¬ 
gulus  of  Antimony,  which  ftands  the  lowed, 
unites  but  very  imperfectly  with  Mercury  ;  and  that 
after  a  feeming  union  of  thefe  two  Metallic  fub¬ 
ftances  hath  been  obtained,  by  a  tedious  triture 
with  the  addition  of  water,  they  do  not  continue 
long  united,  but  fpontaneoufly  feparate  from  each 
other  in  a  Ihort  time.  Iron  and  Tin  are  here  ex-r 
eluded-,  the  former  with  great  reafon,  becanfe  hi- 
thei  to  it  nath  not  been  deafly  proved,  by  any  known 
experiment,  that  ever  Mercury  was  united  with 
Iron  :  but  the  fame  objection  cannot  be  made  tq 
Tin,  which -amalgamates  very  well  with  Mercury, 
and  might  therefore  be  placed  in  this  column  nearly 
between  Lead  and  Copper.  I  ufe  the  word  nearly , 
becaufe  the  different  degrees  of  affinity  between  Me¬ 
talline  fubftances  and  Mercury  are  not  fo  exadtly  de¬ 
termined,  as  the  other  relations  before  confidered  5 
feeing  they  generally  unite  with  it,  without  ex¬ 
cluding^  one  another.  We  can  therefore  fcarce 
judge  of  the  degree  of  affinity  that  belongs  to  each, 
but  by  the  greater  or  lefs  readinefs  of  each  to  amalga¬ 
mate  therewith. 

Flic  eleventh  column  fhews  that  Lead  has  a  treater 
affinity  with  Silver  than  with  Copper. 

I  he  twelfth,  that  Copper  has  a  greater  affinitv 
with  Mercury  than  with  Calamine.  X 

The 


Theoryç/’Chvmistrv.  167 

The  thirteenth,  that  Silver  has  a  greater  affinity 
-with  Lead  than  with  Copper. 

The  fourteenth  contains  the  affinities  of  Iron. 
Regulus  of  Antimony  {lands  immediately  under¬ 
neath  it,  as  being  the  Metallic  fubflance  which  has 
the  greatefl  affinity  with  it.  Silver,  Copper,  and 
Lead  are  placed  together  in  the  next  fquare  below, 
becaufe  the  degrees  of  affinity  which  thofe  Metals 
have  with  Iron  are  not  exadidy  determined. 

The  fame  is  to  be  faid  of  the  fifteenth  column: 
Regulus  of  Antimony  hands  at  its  head  ;  Iron  is 
immmediately  below  it  ;  and  below  the  Iron  the 
fame  three  Metals  occupy  one  fquare  as  before. 

Laflly,  the  fixteenth  column  indicates  that  Water 
has  a  greater  affinity  with  Spirit  of  Wine  than  with 
Salts.  By  this  general  expreffion  muff  not  be  under¬ 
flood  any  Saline  fubflance  whatever  ;  but  only  the 
Neutral  Salts,  which  Spirit  of  Wine  frees  from  the 
water  that  kept  them  in  folution.  Fixed  Alkalis* 
on  the  contrary,  as  well  as  the  Mineral  Acids* 
have  a  greater  affinity  than  Spirit  of  Wine  with  Wa¬ 
ter:  fo  that  thefe  Saline  fubflances,  being  well  dephleg- 
mated  and  mixed  with  Spirit  of  W7ine,  imbibe  the 
water  it  contains  and  redtify  it. 

To  thefe  might  be  added  another  fhort  column, 
having  Spirit  of  Wine  at  its  head  ;  immediately  be¬ 
low  it  fhould  be  the  charadler  of  Water,  and  below 
that  the  mark  of  Oil.  This  column  would  fhew 
that  Spirit  of  Wine  has  a  greater  affinity  with  Wa¬ 
ter  than  with  Gils  ;  becaufe  any  Oily  matter  what¬ 
ever,  that  is  diffolved  in  Spirit  of  Wine,  may  be  ac¬ 
tually  feparated  from  it  by  the  affufion  of  Water. 
This  rule  admits  of  no  exception  but  in  one  cafe, 
which  is  when  the  oily  fubflance  partakes  of  the  na¬ 
ture  of  foap,  by  having  contracted  an  union  with 
fome  faline  matter.  But  as  this  muft  be  imputed 
wholly  to  that  adventitious  faline  matter  being  fuper- 
added  to  the  oily  fubflance,  it  is  no  juft  foundation 
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for  an  exception,  and  the  affinity  in  queftion  is  ne» 
verthelefs  general. 

We  have  now  delivered  every  thing  material  that 
we  had  to  fay  concerning  Mr.  Geoffroy’s  Table  of 
Affinities.  It  is,  as  we  obferved  before,  of  ex¬ 
ceeding  great  fervice,  as  it  colle&s  into  one  view  the 
principal  truths  laid  down  in  this  Treatife.  In¬ 
deed  the  moil  advantageous  way  of  ufmg  it  is,  not 
to  delay  confuting  it  till  you  have  read  the  book 
through,  but  to  turn  to  it  while  you  are  reading,  as 
oft  as  any  affinity  between  bodies  is  treated  of  ; 
which  it  will  imprint  more  ftrongly  on  your  mind, 
by  reprefenting  it  in  a  manner  before  your  eyes. 


CHAP,  XVIII. 

'The  Theory  of  Constructing 
the  Vessels  mojl  commonly  ufed 
in  Chymistry. 

CH  Y  M  I S  T  S  cannot  perform  the  operations 
of  their  art  without  the  help  of  a  confiderable 
number  of  veflèls,  inftruments,  and  furnaces, 
adapted  to  contain  the  bodies  on  which  they  intend 
to  won<,  and  to  apply  to  them  the  lèverai  degrees 
of  heat  required  by  different  procédés.  It  is 
therefore  pi  opei ,  before  we  advance  to  the  operations 
themielvcs,  to  confkbr  particularly  and  minutely 
what  relates  to  the  inftruments  with  which  thev 
£re  to  be  performed.  ■  Y 

Veffels  intended  for  Chymical  Operations  fhould, 
to  be  pei  feet,  be  aole  to  bear,  without  breaking*, 
fhe  fuddcn  application  of  great  heat  and  great  cold  , 
be  impenetrable  to  every  thing,  and  unalterable  bv 
any  foivent;  unvitrifiable,  and  capable  of  enduring 
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the  moft  violent  fire  without  melting  :  but  hi¬ 
therto  no  veffels  have  been  found  with  all  thefe 
qualities  united. 

They  are  made  of  fundry  materials,  namely,  of 
metal,  of  glafs,  and  of  earth.  Metalline  veffels, 
efpecialiy  thofe  made  of  Iron  or  Copper,  are  apt  to 
be  corroded  by  almoft  every  faline,  oily,  or  even 
aqueous  fubftance.  For  this  reafon,  in  order  to 
render  the  ufe  of  them  a  little  more  extenftve,  they 
are  tinned  on  the  inlide.  But,  notwithftanding 
this  precaution  they  are  on  many  occafions  not  to 
be  trufted  -,  and  fhould  never  be  employed  in  any 
nice  operations  which  require  great  accuracy  : 
they  are,  moreover,  incapable  of  refilling  the  force 
of  fire. 

Earthen  veffels  are  of  feveral  forts.  Some,  that 
are  made  of  a  refradtory  earth,  are  capable  of  being 
fuddenly  expofed  to  a  itrong  fire  without  break¬ 
ing,  and  even  of  fuftaining  a  great  degree  of  heat 
for  a  confiderable  time  :  but  they  generally  fuffer 
the  vapours  of  the  matters  which  they  contain,  as 
well  as  vitrified  metals,  to  pafs  through  them  ;  efpe¬ 
cialiy  the  glafs  of  lead,  which  eafily  penetrates  them, 
and  runs  through  their  pores  as  through  a  fieve.  There 
are  others  made  of  an  earth  that  when  well  baked  looks 
as  if  it  were  half  vitrified  :  Thefe  being  much  lefs 
porous  are  capable  of  retaining  the  vapours  of  the 
matters  which  they  contain,  and  even  glafs  of  lead 
in  fufion  ;  which  is  one  of  the  fevered  trials  a  veffel 
can  be  put  to  :  but  then  they  are  more  brittle  than 
the  other  fort, 

Good  glafs  veffels  fhould  conflantly  be  employed 
in  preference  to  all  others,  whenever  they  can  pof- 
fibly  be  ufed  :  and  that  not  only  becaufe  they  are 
no  way  injured  by  the  moft  adtive  folvents,  nor  fuffer 
any  part  of  what  they  contain  to  pafs  through, 
but  alfo  becaufe  their  tranfparency  allows  the  Chy- 
rn>ft  to  obferve  what  paffes  within  them  j  which  is 
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always  both  curious  and  uftTul.  But  it  is  pity  that 
velTels  of  this  fort  fhould  not  be  able  to  endure 
a  fierce  fire  without  melting.  We  fhall  take  care, 
when  we  come  to  defcribe  the  feveral  forts  of  chy- 
mical  inftruments,  and  the  manner  of  ufing  them, 
to  note  what  veffels  are  to  be  preferred  to  others  on 
different  occasions. 

Diftillation,  as  hath  been  already  faid,  is  an  ope¬ 
ration  by  which  we  feparate  from  a  body,  by  the 
help  of  a  gradual  heat,  the  feveral  principles  of 
which  it  confifts. 

There  are  three  methods  of  diddling.  The  firft 
is  performed  by  applying  the  heat  over  the  body 
whofe  principles  are  to  be  extracted.  In  this  cafe, 
as  the  liquors  when  heated  and  converted  into  va¬ 
pours  conftantly  endeavour  to  fly  from  the  center 
of  heat,  they  are  forced  to  re-unite  in  the  lower 
part  of  the  veffel  that  contains  the  matter  in  diftilla¬ 
tion,  and  fo  palling  through  the  pores  or  holes  of 
that  veffel,  they  fall  into  another  cold  vefiel  applied 
underneath  to  receive  them.  This  way  of  diff filing 
is  on  this  account  called  Diftilling  per  defcenfum .  It 
requires  no  other  apparatus  than  two  vefiels  figured 
like  fegments  of  hollow  fpheres,  whereof  that 
which  is  pierced  with  little  holes,  and  intended  to 
contain  the  matter  to  be  diftilled,  ought  to  be 
much  lefs  than  the  other  which  is  to  contain  the 
fire,  and  clofe  its  aperture  exactly  ;  the  whole  toge¬ 
ther  being  fupported  vertically  upon  a  third  vefiel, 
which  is  to  ferve  the  purpofe  of  a  recipient,  admit¬ 
ting  into  its  mouth  the  convex  bottom  of  the  veffel 
containing  the  matter  to  be  diftilled,  which  rnuft 
accurately  fill  it.  ft  nis  method  of  diftilling  is  but 
little  ufed. 

The  fécond  method  of  diftilling  is  performed  by 
applying  the  heat  underneath  the  matter  to  be  de- 
cornpofed.  On  this  occafion  the  liquors  being 
heated,  rarefied,  and  converted  into  vapours,  rife, 
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and  are  condenfed  in  a  vefiel  contrived  for  that  pur- 
pofe,  which  we  fhali  prefently  defcribe.  This  way 
of  diftilling  is  called  Diddling  per  afcenfum ,  and  is 
much  ufed. 

The  veflel  in  which  this  didillation  per  afcen - 
fum  is  performed  we  call  an  Alembic. 

There  are  feveral  forts  thereof  differing  from  one 
another  both  in  the  matter  of  which  and  the  man¬ 
ner  in  which  they  are  made. 

Thole  employed  to  draw  the  odoriferous  waters 
and  effential  oils  of  plants  are  generally  made  of 
copper,  and  confid  of  feveral  pieces.  The  firfl, 
which  is  dedgned  to  contain  the  plant,  is  formed 
nearly  like  a  hollow  cone,  the  vertex  whereof  is 
drawn  out  in  the  fhape  of  a  hollow  cylinder  or  tube  : 
this  part  is  named  the  Cucurbit,  and  its  tube  the 
Neck  of  the  alembic.  To  the  upper  end  of  this 
tube  another  veffel  is  foldered  :  this  is  called  the 
Head,  and  commonly  has  likewife  the  form  of  a 
cone,  joined  to  the  neck  of  the  alembic  by  its  bafe, 
round  which  on  the  infide  is  hollowed  a  fmall  groove 
communicating  with  an  orifice  that  opens  at  its  mod 
depending  part.  To  this  orifice  is  foldered  a  fmall 
pipe  in  a  direction  doping  downwards,  which  is  called 
the  Nofe,  Spout  or  Break  of  the  alembic. 

As  foon  as  the  matters  contained  in  the  alem¬ 
bic  grow  hot,  vapours  begin  to  arife  from  them, 
and  attending  through  the  neck  of  the  alembic  into 
the  head,  are  by  the  fides  thereof  flopped  and  con¬ 
denfed  :  from  thence  they  trickle  down  in  little 
flreams  to  the  groove,  which  conveys  them  to  the 
fpout;  and  by  that  they  pafs  out  of  the  alembic  into 
a  glafs  veffel  with  a  long  neck,  the  end  of  the  fpout 
being  introduced  into  that  neck  and  luted  thereto. 

To  facilitate  the  refrigeration  and  condenfation  of 
the  vapours  circulating  in  the  head,  all  alembics  of 
metal  are  moreover  provided  with  another  piece, 
which  is  a  kind  of  large  pan  of  the  fame  metal, 

fitted 
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fitted  and  foldered  round  the  head.  This  piece 
ferves  to  keep  cold  water  in,  which  inceftantly  cools 
the  head,  and  therefore  it  is  called  the  Refrigera¬ 
tory.  The  water  in  the  refrigeratory  itfelf  glows 
hot  after  fome  time,  and  mull  therefore  be  chang¬ 
ed  occafionally  ;  the  heated  water  being  firfl 
drawn  off  by  means  of  a  cock  fixed  near  the 
bottom  of  the  refrigeratory.  All  copper  alem¬ 
bics  fhould  be  tinned  on  the  infide  for  the  realons 
already  given. 

When  fali ne  fpirits  are  to  be  diftilled,  alembics  of 
metal  muft  not  be  uled  %  becauie  the  laline  vapours 
would  corrode  them.  In  this  cafe  recourfe  muft  be 
had  to  alembics  of  glafs.  Thefe  confift  of  two 
pieces  only  namely,  a  cucurbit,  whole  fuperiour 
oiiflce  is  admitted  into  and  exadtiy  luted  with  its 
head,  which  is  the  fécond  piece. 

In  general,  as  alembics  require  that  the  vapours  of 
the  matter  to  be  diftilled  fhould  rife  to  a  confiderable 
heigh th,  they  ought  to  be  ufed  only  when  the 
moft  volatile  principles  are  to  be  drawn  from  bodies: 
And  the  lighter  and  more  volatile  the  fubftances  to 
be  feparated  by  difhilation  are,  the  taller  muft  the 
alembic  be  ;  becauie  the  moft  ponderous  parts,  be¬ 
ing  unable  to  rife  above  a  certain  heighth,  fallback 
again  into  the  cucurbit  as  foon  as  they  arrive 
there,  leaving  the  lighter  to  mount  alone,  whofe 

volatility  qualifies  them  to  afeend  into  the 
head. 

V\  hen  a  matter  is  to  be  diftilled  that  requires  a 
very  tall  alembic,  and  yet  does  not  admit  of  a  me¬ 
talline  veffel,  the  end  will  be  beft  anfwered 
by  a  glafs  vefTel  of  a  round  or  oval  fhape,  hav¬ 
ing  a  very  long  neck,  with  a  fmall  head  fitted  to 
its  extremity.  Such  a  veftel  ierves  many  pui% 
pofes  :  It  is  fometimes  employed  as  a  receiver,  and 
at  other  times  as  a  digefting  veffel  ;  on  which 
lait  occafion  it  goes  under  the  name  of  a  Matrafs. 

When 
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When  one  of  thefe  provided  with  a  head  is  ap¬ 
plied  to  the  purpofe  of  diftilling,  it  forms  a  fort 
of  alembic. 

1  heie  aie  Ibme  alembics  of  glais,  blown  in  fuch 
a  manner  by  the  workmen,  that  the  body  and  head 
form  but  one  continued  piece.  As  thele  alembics 
do  not  ftand  in  need  of  having  their  ieveral  pieces 
luted  together,  they  are  very  ufeful  on  fome  occa- 
fions,  when  fuch  exceeding  fubtile  vapours  rife  as 
are  capable  of  tranfpiring  through  lutes.  The 
head  mull  be  open  at  the  top,  and  provided  with  a 
fhort  tube,  through  which  by  means  of  a  funnel 
with  a  long  pipe,  the  matter  to  be  diftilled  may  be 
introduced  into  the  cucurbit.  This  is  to  be  exaâly 
doled  with  a  glafs  ftopple,  the  furface  whereof  mutt 
be  made  to  fit  the  infide  of  tne  tube  in  every  point, 

by  rubbing  thofe  two  pieces  well  together  with 
emery. 

Another  iort  of  alembic  hath  alio  been  invented, 
which  may  be  tiled  w  ith  advantage  when  cohobation 
is  required  ;  that  is,  when  the  liquor  obtained 
by  diftillation  is  to  be  returned  upon  the  matter  m 
the  cucurbit  ;  and  efpecially  when  it  is  intended  that 
this  cohobation  fhall  be  repeated  a  great  number  of 
times.  The  velfel  we  are  fpeaking  of  is  conllruded 
exactly  in  the  fame  manner  as  that  laft  defcribed  ; 
except  that  its  beak,  inftead  of  being  in  a  ftraight 
line  as  in  the  other  alembics,  forms  a  circular  arch, 
and  re-enters  the  cavity  of  the  cucurbit,  in  order  to 
convey  back  again  the  liquor  collected  in  the  head. 
'I  his  infiniment  hath  commonly  two  beaks  oppofite 
to  each  other,  both  turned  in  this  manner,  and  is 
called  a  Pelican  :  It  faves  the  artift  the  trouble  of 
frequently  unluting  and  reluting  his  veflels,  as  well 
as  rhe  lofs  of  a  great  many  vapours. 

There  are  certain  fubftances  which  in  diftillation 
afford  matters  in  a  concrete  form,  or  rife  wholly  in 
the  form  of  a  very  light  powder,  called  Flowers. 

\\  hen 
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When  fuch  fubftances  are  to  bedifiilled,  the  cucur¬ 
bit  which  contains  them  is  covered  with  a  head  with- 
out  a  nofe,  which  is  named  a  Blind-head. 

When  the  flowers  rife  in  great  quantities  and 
very  high,  a  number  of  heads  is  employed  to  colledt 
them  ;  or  rather  a  number  of  a  kind  of  pots,  con- 
liftingof  a  body  only  without  any  bottom,  which  fit¬ 
ting  one  into  the  other  form  a  canal,  that  may  be 
lengthened  or  lhortened  at  pleafure,  according  as 
the  flowers  to  be  fublimed  are  more  or  lels  volatile. 
The  laft  of  the  heads,  which  terminates  the  canal, 
is  quite  clofe  at  one  end,  and  makes  a  true  blind- 
head.  Thefe  ve fiels  are  called  Aludels  :  they  are 
ufually  of  earthen  or  ftone  ware. 

All  the  veflels  above  mentioned  are  fit  only  for 
diftilling  fuch  light  volatile  matters  as  can  be  eafily 
raifed  and  brought  over  ;  fuch  as  phlegm,  eflfentia! 
oils,  fragrant  waters,  acid  oily  fpirits,  volatile  al¬ 
kalis,  &c.  But  when  the  point  is  to  procure  by 
diftillation  principles  that  are  much  lefs  volatile, 
and  incapable  of  rifing  high,  fuch  as  the  thick 
fetid  oils,  the  vitriolic,  the  nitrous,  and  the  marine 
acids,  &c.  we  are  are  under  a  necefiity  of  having 
recourfe  to  other  veifels,  and  another  manner  of  dif¬ 
tilling. 

It  is  eafy  to  imagine  that  fuch  a  veffel  mull  be 
much  lower  than  the  alembic.  It  is  indeed  no  more 
than  a  hollow  globe,  whole  upper  part  degenerates 
into  a  neck  or  tube,  that  is  bent  into  a  horizontal  po¬ 
rtion  ;  for  which  reafon  this  infiniment  is  called  à 
Retort  :  it  is  always  of  one  fingle  piece. 

The  matter  to  be  diftilled  is  introduced  into  the 
body  of  the  retort  by  means  of  a  ladle  with  a  long 
tubular  fhank.  Then  it  is  let  in  a  furnace  built  pur- 
pofely  for  this  ufe,  and  fo  that  the  neck  of  the  rëtort 
coming  out  of  the  furnace  may,  like  the  nofe  of  the 
alembic,  ftand  in  a  hoping  pofition,  to.  facilitate 
the  egrefs  of  the  liquors,  which  by  its  means  are 

Conveyed 
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conveyed  to  a  receiver,  into  which  it  is  introduced, 
and  with  which  it  is  luted.  This  way  of  diftilling* 
in  which  the  vapours  feem  rather  to  be  driven  out 
of  the  velfel  horizontally  and  laterally,  than  raifed 

up  and  fublimed,  is  for  that  reafon  called  Diftiliation 
per  latus . 

Retorts  are,  of  all  the  inftruments  df  diftlllation* 
thofe  that  muft  iuftain  the  greateft  heat,  and  refill: 
the  ftrongeft  iol vents  ;  and  therefore  they  muft  not 
be  made  of  metal.  Some  however,  which  are 
madv_  of  iron  may  go  well  enough  on  certain  occa— 
fions  :  the  reft  are  either  of  glafs  or  earth.  Thofe 
of  glafs,  for  the  reafons  above  given,  are  preferable 
to  the  other  fort,  in  all  cafes  where  they  are  not  to 
be  expofed  to  fuch  a  force  of  fire  as  may  melt  them» 
The  beft  glafs,  that  which  ftands  both  heat  and 
Solvents  beft,  is  that  in  which  there  are  feweft  alka¬ 
line  faits  :  of  this  fort  is  the  green  German  glafs  : 
the  beautiful  white  cryftal  glafs  is  far  from  bein^ 
equally  ferviceable.  •  ^ 

Retorts,  as  well  as  alembics,  may  be  of  different 
forms.  For  example,  fome  matters  are  apt  to  fwell 
and  rife  over  the  neck  of  the  retort  in  fubftancfr 
without  fuffering  any  decompofition  ;  when  fuck 
matters  are  to  be  diftilled  in  a  retort,  it  is  proper 
that  the  body  of  the  veffel,  inftead  of  being  globular, 
be  drawn  out  into  the  form  of  a  pear,  fo  as  nearly 
to  referable  that  of  a  cucurbit.  In  a  retort  of  this 
kind,  the  diftance  between  the  bottom  and  the  neck 
being  much  greater  than  in  thofe  whofe  bodies  are 
fpherical,  the  matters  contained  have  much  more 
roorn  for  expanfion  ;  fo  that  the  inconvenience  here 
mentioned  is  thereby  prevented.  Retorts  of  this 
form  are  called  Englifh  retorts:  as  they  hold  the 
middle  place  between  alembics  and  common  retorts, 
they  may  be  ufed  to  diftill  fuch  matters  as  have  a 
mean  degree  of  voaltility  between  the  sreareft  and 
the  leaft.  ° 


It 
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It  is  moreover  proper  to  have  in  a  laboratory  fun** 
dry  retorts  with  necks  of  different  diameters.  Wide 
necks  will  be  found  the  fitted  for  conveying  thick 
matters,  and  fuch  as  readily  become  fixed  ;  for  in* 
fiance,  fome  very  thick  fetid  oils,  butter  of  antimo¬ 
ny,  &c.  for  as  thefe  matters  acquire  a  confidence 
as  foon  as  they  are  out  of  the  reacli  of  a  certain  de¬ 
gree  of  heat,  they  would  foon  choak  up  a  narrow 
neck,  and  by  dopping  the  vapours,  which  rife  at 
the  fame  time  from  the  retort,  might  occafion  the 
burding  of  the  veffels. 

^ome  retorts  are  alfo  made  with  an  opening  on 
their  upper  fide,  like  that  of  tubulated  glafs  alem¬ 
bics,  which  is  to  be  clofed  in  the  fame  manner  with 
a  glafs  dopple.  1  hefe  retorts  are  alfo  called  tubu¬ 
lated  retorts  and  ought  always  to  be  ufed  whenever 
it  is  neceffary  to  introduce  frefh  matter  into  the  re¬ 
tort  during  the  operation  ;  feeing  it  may  be  done 
by  means  of  this  invention,  without  unluting  and 
reluting  the  veffels  ;  which  ought  always  to  be 
avoided  as  much  as  poffible. 

One  of  the  things  that  mod  perplexes  the  Chy- 
mids,  is  the  prodigious  eladicity  of  many  different 
vapours,  which  are  frequently  difcharged  with  im- 
petuofity  during  the  didillation,  and  are  even  capa¬ 
ble  of  burding  the  veffels  with  explofion,  and  with 
danger  to  the  artid.  On  fuch  occafions  it  is  abfo- 
lutely  neceffary  to  give  thefe  vapours  vent,  as  we 
dial!  diredt  in  its  proper  place  :  but  as  that  can  ne¬ 
ver  be  done  without  lofing  a  great  many  of  them  ; 
as  fome  of  them  in  particular  are  fo  eladic  that 
fcarce  any  at  all  would  remain  in  the  vefïel  *,  for 
indance,  thofe  of  the  fpirit  of  nitre,  and  efpecially 
thofe  of  the  fmoking  fpirit  of  fait  -,  the  practice  is 
to  make  u fe  of  very  large  receivers,  of  about  eighteen 
or  twenty  inches  diameter,  that  the  vapours  may 
have  fudicient  room  to  circulate  in,  and  by  apply¬ 
ing  to  the  wide  furface  prefented  them  by  the  exten- 

five 
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five  infide  of  fuch  a  large  veffel,  may  be  condenfed 
into  drops.  Thefe  huge  receivers  are  commonly  in 
the  form  of  hollow  globes,  and  are  called  Ballons. 

To  give  thefe  vapours  {till  more  room,  ballons 
have  been  contrived  with  two  open  gullets  in  each, 
diametrically  oppofite  to  one  another  ;  whereof  one 
admits  the  neck  of  the  retort,  and  the  other  is  re¬ 
ceived  by  one  of  the  gullets  of  a  fécond  ballon  of 
the  fame  form,  which  is  joined  in  like  manner  to 
a  third,  and  fo  on.  By  this  artifice  the  fpace  may 
be  enlarged  at  pleafure.  Thefe  ballons  with  two 
necks  are  called  Adopters. 

Operations  on  bodies  that  are  abfolutely  fixed, 
as  metals,  flones,  fand,  &c.  require  only  fuch 
veffels  as  are  capable  of  containing  thofe  bodies 
and  refilling  the  force  of  fire.  Thefe  vefîèls  are 
little  hollow  pots,  of  different  dimenfions,  which 
are  called  Crucibles.  Crucibles  can  hardly  be  made 
of  any  thing  but  earth  ;  they  ought  to  have  a  cover 
of  the  fame  material  fitted  to  fhut  them  clofe.  The 
be  ft  earth  we  know  is  that  whereof  thofe  pots  are 
made  in  which  butter  is  brought  from  Bretagne  : 
thefe  pots  themfelves  are  exceeding  good  crucibles  ; 
and  they  are  almoft  the  only  ones  that  are  capable  of 
holding  glafs  of  lead  in  fufion,  without  being  pe¬ 
netrated  by  it. 

For  the  roafling  of  ores,  that  is,  freeing  them 
by  the  help  of  fire  from  their  fulphureous  and  arfe- 
nical  parts,  little  cups  made  of  the  fame  material 
with  crucibles  are  ufed  ;  but  they  are  made  flat, 
fhallow,  and  wider  above  than  below,  that  thefe  vo¬ 
latile  matters  may  the  more  freely  exhale.  Thefe 
veffels  are  called'  Tells,  or  Scorihers  :  they  are 
fcarce  ever  ufed  but  in  the  Docimaflic  art,  that  is,  in 
making  fmall  Affays  of  ores. 
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CHAP.  XIX. 

fhe  Theory  of  Con  struct  in  g  the 
Furnaces  moji  commonly  ufed  in 
Chymistry, 

SKILL  in  conducing  and  applying  fire  pro¬ 
perly,  and  determining  its  different  degrees,  is 
of  very  great  confequence  to  the  fuccefs  of  Chymical 
operations. 

As  it  is  exceeding  difficult  to  govern  and  mode¬ 
rate  the  adlion  of  fire,  when  the  veiTels  in  which  any 
operation  is  performed  are  immediately  expofed  to 
it,  Chymifts  have  contrived  to  convey  heat  to  their 
veffels,  in  nice  operations,  through  different  me¬ 
diums,  which  they  place  occafionally  between  thofe 
veffels  and  the  fire. 

Thofe  intermediate  fubffances  in  which  they 
plunge  their  veffels  are  called  Baths.  They  are 
either  fluid  or  fcdid  i  the  fluid  baths  are  water  or  its 
vapours.  When  the  diftilling  veffel  is  fet  in  water, 
the  bath  is  called  Balneum  mariæ ,  or  the  Water - 
lath  ;  and  the  greatefl  degree  of  heat  of  which  it 
is  fufceptible  is  that  of  boiling  water.  When  the 
\  eiiel  is  expoicQ  only  to  the  vapours  which  exhale 
from  water,  this  forms  the  Vapour-bath  ;  the  heat 
of  which  is  nearly  the  fame  with  that  of  the  Balneum 
mariæ.  Thefe  baths  are  ufeful  for  diftilling  effential 
oils,  ardent  fpirits,  fweet-feented  water?  ;  in  a 
wore ,  all  iuch  jubilances  as  cannot  bear  a  Greater 
heat  without  prejudice  either  to  their  odour,  °or  to 
fome  of  their  other  qualities. 
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Baths  may  alfo  be  made  of  any  other  fluids, 
fuch  as  oils,  mercury,  ÜV.  which  are  capable  of 
receiving  and  communicating  much  more  heat;, 
but  they  are  very  feldom  ufed.  When  a  more  con- 
fiderable  degree  of  heat  is  required,  a  bath  is  pre¬ 
pared  of  any  folid  matter  reduced  to  a  fine  powder, 
fuch  as  fand,  allies,  filings  of  iron,  &c .  The  heat 
of  thefe  baths  may  be  pufhed  fo  far  as  to  make  the 
bottom  of  the  veflel  become  faintly  red.  By  plung¬ 
ing  a  thermometer  into  the  bath,  by  the  fide  of  the 
Veflel,  it  is  eafy  to  obferve  the  precife  degree  of 
heat  applied  to  the  fubftance  on  which  you  are 
working.  It  is  necefiary  that  the  thermometers 
employed  on  this  occafion  be  conftrubted  on  good 
principles,  and  fo  contrived  as  to  be  eafily  compared 
with  thofe  of  the  molt  celebrated  natural  philofo- 
phers.  Thofe  of  the  illuftrious  Reaumur  are  moll 
ufed  and  bell  known,  fo  that  it  would  not  be  amifs 
to  give  them  the  preference.  W  hen  a  greater  heat 
is  required  than  any  of  thofe  baths  can  give,  the 
veflels  muft  be  fet  immediately  on  live  coals,  or  in 
a  flaming  fire  :  this  is  called  working  with  a  naked 
fire  -,  and  in  this  cafe  it  is  much  more  difficult  than 
in  the  other  to  determine  the  degrees  of  heat. 

There  are  feveral  ways  of  applying  a  naked  fire. 
When  the  heat  or  flame  is  reflected  upon  the  upper 
part  of  the  veflel  which  is  expofed  to  the  fire,  this 
is  called  a  Reverberated  heat.  A  Melting  heat  is  that 
which  is  ftrong  enough  to  fufe  moft  bodies.  A 
Forging  heat  is  that  of  a  fire  which  is  forcibly  excited 
by  the  confiant  blaft  of  a  pair  of  bellows,  or  more. 

There  is  alfo  another  fort  of  fire  which  fervas 
very  commodioufiy  for  many  operations,  becaufe  it 
does  not  require  to  be  fed  or  frequently  mended  : 
this  is  afforded  by  a  lamp  with  one  or  more 
wicks,  and  may  be  called  a  Lamp-heat.  It  is 
fcarce  ever  employed  but  to  heat  baths,  in  opera* 
tions  which  require  a  gentle  and  long  continued 
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warmth  :  if  it  hath  any  fault,  it  is  that  ôf  growing 
gradually  hotter. 

All  thefe  different  ways  of  applying  fire  require 
furnaces  of  different  conllrudlions  :  we  fhall  there¬ 
fore  defcribe  fuch  as  are  of  principal  and  moll  ne- 
ceffary  ufe. 

Furnaces  mull  be  divided  into  different  parts  or 
llories,  each  of  which  has  its  particular  ufe  and 
name. 

The  lower  part  of  the  furnace  defigned  for  re¬ 
ceiving  the  afhes,  and  giving  paffage  to  the  air,  is 
called  the  afh-hole.  The  alh-hoie  is  terminated 
above  by  a  grate,  the  ufe  of  which  is  to  fupport  the 
coals  and  wood,  which  are  to  be  burnt  thereon  ; 
this  part  is  called  the  fire-place.  The  fire-place  is 
in  like  manner  terminated  above  by  feveral  iron 
bars,  which  lie  quite  a-crofs  it  from  right  to  left,  in 
lines  parallel  to  each  other  :  the  ufe  of  thefe  bars  is 
to  fuflain  the  veffels  in  which  the  operations  are  to  be 
performed.  The  fpace  above  thefe  bars  to  the  top 
of  the  furnace  is  the  upper  llory,  and  may  be  called 
the  laboratory  of  the  furnace.  Lallly,  fome  fur¬ 
naces  are  quite  covered  above,  by  means  of  a  kind 
of  vaulted  roof  called  the  dome. 

Furnaces  have  moreover  feveral  apertures  :  one  of 
thefe  is  at  the  alh-hoie,  which  gives  paffage  to  the  air, 
and  through  which  the  allies  that  fall  through  the  grate 
are  raked  out;  this  aperture  is  called  the  alh-hoie  door: 
another  is  at  the  fire  place,  through  which  the  fire 
is  fupplied  with  fewel,  as  occafion  requires  ;  this  is 
called  the  mouth  or  door  of  the  fire  place,  or  the 
floke-hole  :  there  is  a  third  in  the  upper  llory, 
through  which  the  neck  of  the  veffel  paffes  ;  and  a 
fourth  in  the  dome  for  carrying  off*  the  fuliginofities 
of  combullible  matters,  which  is  called  the  chim¬ 
ney. 

To  conclude,  there  are  feveral  other  openings 

in  the  feveral  parts  of  the  furnace,  the  ufe  whereof 
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is  to  admit  the  air  into  thofe  places,  and  alfo,  as 
they  can  be  eafily  fhut,  to  incite  or  flacken  the 
a&ivity  of  the  fire,  and  fo  to  regulate  it  ;  which  has 
procured  them  the  title  of  regifters.  .All  the  other 
openings  of  the  furnace  fhould  be  made  to  fhut 
very  clofe,  the  better  to  affift  in  governing  the  fire  ; 
by  which  means  they  likewife  do  the  office  of 
regifters. 

In  order  to  our  forming  a  juft  and  general  idea  of 
the  conftrudHon  of  furnaces,  and  of  the  difpofition 
of  the  feveral  apertures  in  them,  with  a  view  to  in- 
creafe  or  diminiffi  the  a&ivity  of  the  fire,  it  will  be 
proper  to  lay  down,  as  our  ground-work,  cer¬ 
tain  principles  of  natural  philofophy,  the  truth  of 
which  is  demon  ft  rated  by  experience. 

And  firft,  every  body  knows  that  combuftible 
matters  will  not  burn  or  confume  unlefs  they  have  a 
free  communication  with  the  air  ^  infomuch  that 
if  they  be  deprived  thereof,  even  when  burning 
moft  rapidly,  they  will  be  extinguilhed  at  once  :  that 
confequently  combuftion  is  greatly  promoted  by  the 
frequent  acceffion  of  freffi  air,  and  that  a  ftream  of 
air,  directed  fo  as  to  pafs  with  impetuofity  through 
burning  fewel,  excites  the  fire  to  the  greateft  poffi- 
ble  adtivity. 

Secondly,  it  is  certain  that  the  air  which  touches  or 
comes  near  ignited  bodies  is  heated,  rarefied,  and 
rendered  lighter  than  the  air  about  it,  that  is,  further 
diftant  from  the  center  of  heat  ;  and  confequently 
that  this  air  fo  heated  and  become  lighter  is  necefia- 
rily  determined  thereby  to  afcend  and  mount  aloft, 
in  order  to  make  room  for  that  which  is  lefs  heated 
and  not  fo  light,  which  by  its  weight  and  elas¬ 
ticity  tends  to  occupy  the  place  quitted  by  the  ether. 
Another  confequence  hereof  is,  that  if  fire  be  kind¬ 
led  in  a  place  enclofed  every  where  but  above  and 
below,  a  current  of  air  will  be  formed  in  that  place, 
running  in  a  direction  from  the  bottom  to  the  top  ; 
fo  that  if  any  light  bodies  be  applied  to  the  opening 
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below,  they  will  be  carried  up  towards  the 
fire  ;  but,  on  the  contrary,  if  they  be  held  at  the 
opening  above,  they  will  be  impelled  by  a  force 
which  will  drive  them  up  and  carry  them  away 
from  the  fire. 

Thirdly  and  laftly,  it  is  a  truth  demonft rated  in 
hydraulics  that  the  velocity  of  a  given  quantity  of 
any  fluid,  determined  to  flow  in  any  direction  what¬ 
ever,  is  fo  much  the  greater  the  narrower  the  chan¬ 
nel  is  to  which  that  fluid  is  confined  ;  and  con  fie  - 
quently  that  the  velocity  of  a  fluid  will  be  increafed 
by  making  it  run  from  a  wider  through  a  narrower 
paffage. 

Thefe  principles  being  efiabliflied,  it  is  eafy  to 
apply  them  to  the  conftru&ion  of  furnaces.  Firft, 
if  a  fire  be  kindled  in  the  Are-  place  of  a  furnace, 
which  is  open  on  all  fides,  it  burns  nearly  as  if  it 
were  in  the  open  air.  It  has  with  the  furrounding 
air  a  free  communication  ;  fo  that  frefh  air  is  conti^ 
nually  admitted  to  facilitate  the  entire  combuftion 
of  the  inflammable  matters  employed  as  fewel.  But 
there  being  nothing  to  determine  that  air  to  pafs 
with  rapidity  through  the  fire  in  this  cafe,  it  does 
not  at  all  augment  the  a&ivity  thereof,  but  buffers  it 
to  wade  aWay  quietly. 

Secondly,  if  the  alb-hole  or  dome  of  a  furnace  in 
which  a  fire  is  burning  be  fhut  quite  dole,  then 
tnere  is  no  longer  any  free  communication  between 
the  air  and  the  fire  :  if  the  afh-hole  be  flint,  the  air 
Is  debarred  from  having  free  accefs  to  the  fire  ;  if 
the  dome  be  fiopt,  the  egrefs  of  the  air  rarefied  by  'the 
fire  is  prevented  ;  and  consequently  the  fire  muff  in 
either  cafe  bum  very  faintly  and  flowly,  gradually 
die  away,  and  at  I  aft  go  quite  out. 

d  hirdly,  if  all  the  openings  of  the  furnace  be 
wholly  clofed,  it  is  evident  that  the  fire  will  be  very 
quickly  extinguished. 
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Fourthly,  if  only  the  lateral  openings  of  the  fire¬ 
place  be  Shut,  leaving  the  afh-hoie  and  upper  part 
of  the  furnace  open  ;  it  is  plain  that  the  air 
entering  by  the  afn-hole  will  neceffarily  be  deter¬ 
mined  to  go  out  at  top,  and  that  confequently  a 
current  of  air  will  be  formed,  which  will  pafs 
through  the  fire  and  make  it  burn  brifkly  and  vi¬ 
gorously. 

Fifthly,  if  both  the  alh-hole  and  the  upper  ftory 
of  the  furnace  be  of  fome  length,  and  form  canals 
either  cylindric  or  prifmatic,  then  the  air  being 
kept  in  the  fame  direction  through  a  longer  Space, 
the  courfe  of  its  Stream  will  be  both  Stronger  and 
better  determined,  and  confequently  the  fire  will  be 
more  animated  by  it. 

Sixthly  and  laftly,  if  the  aSh-hole  and  the  uppe** 
part  of  the  furnace,  inftead  of  being  cylindric  or  prif¬ 
matic  canals,  have  the  form  of  truncated  cones  or 
pyramids,  Standing  on  their  bafes,  and  So  ordered 
that  the  upper  opening  of  the  afh-hole,  adjoining 
to  the  fire-place,  may  be  wider  than  the  bale  of  the 
fuperiour  cone  or  pyramid,  then  the  Stream  of  air, 
being  forced  to  pafs  incefiantly  from  a  larger 
channel  through  a  fmaller,  mult  be  confiderably  ac¬ 
celerated,  and  procure  to  the  fire  the  greateft  ac¬ 
tivity  which  it  can  receive  from  the  make  of  a 
furnace. 

The  materials  fitteSt  for  building  furnaces  are, 
1.  Bricks,  joined  together  with  potters  clay  mix¬ 
ed  with  fand  and  moiftened  with  water,  2.  Pot¬ 
ters  clay  mingled  with  potfherds,  moiftened  with 
water,  and  baked  in  a  violent  fire.  3,  Iron  -,  of 
which  all  furnaces  may  be  made,  with  this  precau¬ 
tion,  that  the  infide  be  provided  with  a  great  many 
prominent  points,  as  faftenings  for  a  coat  of  earth, 
with  which  the  internal  parts  of  the  furnace  muft  ne- 
ceSfarily  be  covered  to  defend  it  from  the  adion  of 
the  fire. 
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The  reverberating  furnace  is  one  of  thofe  that  are 
moil  employed  in  Chymiftry  :  it  is  proper  for  diftilla- 
tions  by  the  retort,  and  fhould  be  conftru&ed  in  the 
following  manner. 

Firft,  the  ufe  of  the  afh-hole  being,  as  was  faid, 
to  give  pafiage  to  the  air  and  to  receive  the  afhes, 
no  bad  confequence  can  attend  its  being  made  pretty 
high  :  it  may  have  from  twelve  to  twenty  or 
twenty-four  inches  in  heighth.  Its  aperture  fhould 
be  wide  enough  to  admit  billets  of  wood  when  a 
great  fire  is  to  be  made. 

Secondly,  the  afh-hole  muft  be  terminated  at 
its  upper  part  by  an  iron  grate,  the  bars  of  which 
fhould  be  very  fubftantial,  that  they  may  refill  the 
adlion  of  the  fire  :  this  grate  is  the  bottom  of  the 
fire-place,  and  deftined  to  fupport  the  coals.  In  the 
lateral  part  of  the  fire-place,  and  nearly  about  the 
fame  heighth  with  the  grate,  there  fhould  be  a  hole 
of  fuch  a  fize  that  it  may  eafily  admit  charcoal,  as  well 
as  little  tongs  and  fhovels  for  managing  the  fire. 
This  aperture  or  mouth  of  the  fire-place  fhould  be 
perpendicularly  over  the  mouth  of  the  afh-hole. 

Thirdly,  from  fix  to  eight  or  ten  inches  high 
above  the  grate  over  the  afh-hole, little  apertures  muft 
be  made  in  the  walls  of  the  furnace,  of  eight  or  ten 
lines  in  diameter,  an  inch  from  one  another,  and 
thofe  in  one  fide  muft  be  diametrically  oppofite  to 
thofe  in  the  other.  The  ufe  of  thele  holes  is  to  re¬ 
ceive  bars  of  iron  for  the  retort  to  reft  on  ;  which 
fhould  be,  as  I  faid,  at  different  heighths,  in  order  to. 
accommodate  retorts  of  different  ftzes.  At  the  up¬ 
per  extremity  of  this  part  of  the  furnace,  which 
reaches  from  the  iron  bars  to  the  top,  the  heighth 
whereof  fhould  be  fomewhat  lefs  than  the  width  of 
the  furnace,  muft  be  cut  a  femi-  circular  aperture 
for  the  neck  of  the  retort  to  come  through.  This 
hole  muft  by  no  means  be  over  the  doors  of  the  fire¬ 
place  and  afh-hole  ;  for  then,  as  it  gives  paffage  to  the 
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neck  of  the  retort,  it  muff:  of  courfe  be  oppofite  to 
the  receiver,  and  in  that  cafe  the  receiver  itfelf 
would  (land  over  againfl  thole  two  apertures  ;  which 
would  be  attended  with  this  double  inconvenience, 
that  the  receiver  would  not  only  grow  very  hot, 
but  greatly  embarrafs  the  operator,  whofe  free  ac- 
çefs  to  the  fire-place  and  afh-hole  would  be  thereby 
obftru&ed.  It  is  proper  therefore  that  the  femi-circu- 
lar  cut  we  are  fpeaking  of  be  fo  placed  that  when 
the  greateft  ballons  are  luted  to  the  retort  they  may 
leave  an  open  pafiage  to  the  fire-place  and  afh-hole. 

Fourthly,  in  order  to  cover  in  the  laboratory  of 
the  reverberating  furnace,  there  mull  be  a  roof 
made  for  it  in  the  form  of  a  cupola,  or  concave 
hemifphere,  having  the  fame  diameter  as  the  fur¬ 
nace.  This  dome  fhould  have  a  femicircular  cut 
in  its  rim  anfwering  to  that  above-diredted  to  be 
made  in  the  upper  extremity  of  the  furnace,  fo  that, 
when  adjufted  to  each  other,  the  two  together  may 
form  a  circular  hole  for  the  neck  of  the  retort  to 
pafs  through.  At  the  top  of  this  dome  there  muft 
alfo  be  a  circular  hole  of  three  or  four  inches  diame¬ 
ter,  carrying  a  fhort  tapering  funnel  of  the  fame 
diameter,  and  three  inches  high,  which  will  lerve 
for  a  chimney  to  carry  off  all  fuliginofities,  and  acce¬ 
lerate  the  current  of  the  air.  This  pafiage  may  be 
fhut  at  pleafure  with  a  fiat  cover.  Moreover,  as  it 
is  neceffary  that  the  dome  fhould  be  taken  off  and 
put  on  with  eafe,  it  fhould  have  two  ears  or  handles 
for  that  purpofe  :  a  portative  or  moveable  furnace 
fhould  alfo  have  a  pair  of  handles  fixed  oppofite 
to  eacfy  other  between  the  afh-hole  and  the  fire¬ 
place. 

Sixthly  and  laftly,  a  conical  canal  muft  be  pro¬ 
vided  of  about  three  foot  long,  and  fufficiently  wide 
at  its  lower  end  to  admit  the  funnel  of  the  aperture  at 
the  top  of  the  dome.  This  conical  tube  is  to  be  ap¬ 
plied  to  the  dome  when  the  fire  is  required  to  be 
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extremely  adlive  :  it  tapers  gradually  from  its 
bafe  upwards,  and  breaks  oft  as  if  truncated  at  top, 
where  it  fhould  be  about  two  inches  wide. 

Befides  the  apertures  already  mentioned  as  necel- 
fary  to  a  reverberating  furnace,  there  mu  ft  alfo  be 
many  other  lmaller  holes  made  in  its  afh-hole,  fire¬ 
place,  laboratory,  and  dome,  which  mu  ft  all  be  fo 
contrived  as  to  be  eafily  opened  and  fhut  with  flop¬ 
pies  of  earth  :  thefe  holes  are  the  regiflers  of  the 
furnace,  and  ferve  to  regulate  the  adlivity  of  the 
fire  according  to  the  principles  before  laid  down. 

When  the  adlion  of  the  fire  is  required  to  be 
exadtly  uniform  and  very  brifk,  it  is  neceffary  to  flop 
carefully  with  moifl  earth  all  the  little  chinks  in  the 
jundture  of  the  dome  with  the  furnace,  between  the 
neck  of  the  retort  and  the  circular  hole  through 
•which  it  paffes,  and  which  it  never  fills  exadlly,  and 
laflly,  the  holes  which  receive  the  iron  bars  that 
fuflain  the  retort. 

It  is  proper  to  have  in  a  laboratory  feveral  rever¬ 
berating  furnaces  of  different  magnitudes  ;  becaufe 
they  muff  be  proportioned  to  the  fize  of  the  retorts 
employed.  The  retort  ought  to  fill  the  furnace,  fo 
as  to  leave  only  the  diftance  of  an  inch  between  it 
and  the  in  fide  of  the  furnace. 

Yet  when  the  retort  is  to  be  expofed  to  a  moil 
violent  fire,  and  efpecially  when  it  is  required  that 
the  heat  fhall  adl  with  equal  force  on  all  parts  of  the 
furnace,  and  as  flrongly  on  its  vault  as  on  its  bot¬ 
tom,  a  greater  difiance  muff  be  left  between  the  re¬ 
tort  and  the  infide  of  the  furnace  ;  for  then  the 
furnace  may  be  filled  with  coals,  even  to  the  upper 
part  of  the  dome.  If  moreover  fome  pieces  of  wood 
be  put  into  the  afh-hole,  the  conical  canal  fitted  on 
to  the  funnel  of  the  dome,  and  all  the  apertures  of 
the  furnace  exadlly  clofed,  except  the  afh-hole  and 
the  chimney,  the  greateft  heat  will  then  be  excited 
that  this  furnace  can -produce. 
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The  furnace  now  defcribed  may  alfo  be  employed 
in  many  other  chymical  operations.  If  the  dome 
be  laid  afide,  an  alembic  may  very  well  be  placed 
therein  :  but  then  the  fpace,  which  will  be  left  be¬ 
tween  the  body  of  the  alembic  and  the  top  of  the 
upper  part  of  the  furnace,  muff  be  carefully  filed  up 
with  Windfor-loam  moiftened  ;  for  without  that 
precaution  the  heat  would  loon  reach  the  very  head, 
which  ought  to  be  kept  as  cool  as  poffibie,  in  order 
to  promote  the  condenlation  of  the  vapours. 
On  this  occafion  therefore  it  will  be  proper  to  leave 
no  holes  open  in  the  fire-place,  but  the  lateral  ones  ; 
of  which  alfo  thofe  over  againft  the  receiver  imift.be 
flopped. 

A  pot  or  broad-brimmed  earthen  pan  may  be 
placed  over  this  furnace,  and  being  fo  fitted  to  it  as 
to  clofe  the  upper  part  thereof  accurately,  and  filled 
with  fand,  may  ferve  for  a  fand-heat  to  diftill 
with. 

The  bars  defigned  to  fupport  diftilling  veffels 
being  taken  out,  a  crucible  may  ftand  therein,  and 
many  operations  be  performed  that  do  not  require 
the  utmoft  violence  of  fire.  In  a  word,  this  furnace 
is  one  of  the  moft  commodious  that  can  be,  and 
more  extenfively  ufeful  than  any  other. 

The  melting  furnace  is  defigned  fot  applying  the 
greateft  force  of  heat  to  the  moft  fixed  bodies,  fuch 
as  metals  and  earths.  It  is  never  employed  in  dif¬ 
tilling:  it  is  of  no  ufe  but  for  calcination  and  fu- 
fion  ;  and  confequendy  need  not  admit  any  veftels 
but  crucibles. 

The  afh-hole  of  this  furnace  differs  from  that  of 
the  reverberating  furnace  only  in  this,  that  it  muft 
be  higher,  in  order  to  raife  the  fire-place  to  a  level  with 
the  artift’s  hand  ;  becaufe  in  that  all  the  operations 
of  this  furnace  are  performed.  The  afh-hole  there¬ 
fore  muft  be  about  three  foot  high  :  and  this  heighth 
procures  it  moreover  the  advantage  of  a  good 
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draught  of  air.  For  the  fame  reafon,  and  in  con- 
fequence  of  the  principles  we  laid  down,  it  Ihould  be 
fo  built  that  its  width  lefiening  infenfibly  from  the 
bottom  to  the  top,  it  may  be  narrower  where  it 
©pens  into  the  fire-place  than  any  where  below. 

The  afh-hole  is  terminated  at  its  upper  end,  like 
that  of  the  reverberating  furnace,  by  a  grate  which 
ferves  for  the  bottom  of  the  fire-place,  and  ought  ta 
be  very  fubftantial  that  it  may  refill  the  violence  of 
the  fire.  The  infide  of  this  furnace  is  commonly  an 
elliptic  curve  ;  becaufe  it  is  demonftrated  by  mathe¬ 
maticians  that  furfaces  having  that  curvature  re- 
Bed  the  rays  of  the  fun,  or  of  fire,  in  fuch  a  manner 
that  meeting  in  a  point,  or  a  line,  they  produce  there 
a  violent  heat.  But  to  anfwer  this  purpofe  thofe 
furfaces  mull  be  finely  polifhed  ;  an  advantage 
hardly  procurable  to  the  internal  furface  of  this  fur¬ 
nace,  which  can  be  made  of  nothing  but  earth  ; 
befides,  if  it  were  pofiible  to  give  it  a  polifh,  the 
violent  action  of  the  fire  that  muft  be  employed 
in  this  furnace  would  prefently  deftroy  it.  Yet 
the  elliptical  figure  muft  not  be  entirely  difre- 
garded  :  for,  if  care  be  taken  to  keep  the  internal 
furface  of  the  furnace  as  fmooth  as  polfible,  it  will 
certainly  refled  the  heat  pretty  ftrongly,  and  colled 
it  about  the  center. 

The  fire-place  of  this  furnace  ought  to  have  but 
four  apertures. 

Firft,  that  of  the  lower  grate,  which  communi¬ 
cates  with  the  alh-hole. 

Secondly,  a  door  in  its  fore-fide,  through  which 
may  be  introduced  coals,  crucibles,  and  tongs  for 
managing  them  :  this  aperture  fhould  be  made  to 
fhut  exadly  with  a  plate  ol  iron,  having  its  infide 
coated  with  earth,  and  turning  on  two  hinges  fixed 
toih  furnace. 

Thirdly,  over  this  door  a  hole  flanting  down¬ 
wards  towards  the  place  where  the  crucible  is  to 

ftand. 
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ftand.  The  ufe  of  this  hole  is  to  give  the  operator 
an  opportunity  of  examining  the  condition  of  the 
matters  contained  in  his  crucible,  without  opening 
the  door  of  the  fire-place  :  this  hole  lhould  be  made 
to  open  and  fhut  eafily,  by  means  of  a  ftopple  of 
earth. 

Fourthly,  a  circular  aperture  of  about  three  inches 
wide  in  the  upper  part  or  vault  of  the  furnace, 
which  lhould  gradually  leffen  and  terminate,  like 
that  of  the  dome  of  the  reverberating  furnace,  in  a 
fhort  conical  funnel  of  about  three  inches  long,  and 
fitted  to  enter  the  conical  pipe  before  delcribed, 
which  is  applied  when  the  activity  of  the  fire  is  to 
be  increafed. 

When  this  furnace  is  to  be  ufed,  and  a  crucible  to 
be  placed  in  it,  care  muft  be  taken  to  fet  on  the 
orate  a  cake  of  baked  earth  fomewhat  broader  than 
the  foot  of  the  crucible.  The  ufe  of  this  ftand  is 
to  liipport  the  crucible,  and  raiie  it  above  the 
grate,  for  which  purpofe  it  lhould  be  two  inches 
thick.  Were  it  not  for  this  precaution  the  bottom 
of  the  crucible,  which  would  ftand  immediately  on 
the  grate,  could  never  be  thoroughly  heated,  be- 
caule  it  would  be  always  expofed  to  the  ftream  of 
cold  air  which  enters  by  the  alh-hole.  Care  lhould 
alfo  be  taken  to  heat  this  earthen  bottom  red-hot 
before  it  be  placed  in  the  furnace,  in  order  to  free  it 
from  any  humidity,  which  might  otherwife  happen 
to  be  driven  againft  the  crucible  during  the  opera¬ 
tion,  and  occafion  its  breaking. 

We  omitted  to  take  notice  in  fpeaking  of  the 
alh-hole  that,  befides  its  door,  it  lhould  have  about 
the  middle  of  its  heighth  a  finall  hole,  capable  of  re¬ 
ceiving  the  nofel  of  a  good  perpetual  bellows, 
which  is  to  be  introduced  into  it  and  worked,  after 

the  door  is  exaftlv  Ihut,  when  it  is  thought 

proper 
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proper  to  excite  the  activity  of  the  fire  to  the 
utmoft  violence. 

The  forge  is  only  a  mafs  of  bricks  of  about  three 
foot  high,  along  whofe  upper  furface  is  direûed  the 
nofe  or  pipe  of  a  pair  of  large  perpetual  bellows,  id 
placed  that  the  operator  may  eafily  blow  the  fire 
with  one  hand.  The  coals  are  laid  on  the  hearth  of 
the  forge  near  the  nofe  of  the  bellows  ;  they  are 
confined,  if  neceffary,  to  prevent  their  being  car¬ 
ried  away  by  the  wind  of  the  bellows,  within  a 
fpace  inclofed  by  bricks  ;  and  then  by  pulling  the 
bellows  the  fire  is  continually  kept  up  in  its  «reateft 
activity.  X  he  forge  is  of  uie  when  there  is  occafion 
to  apply  a  great  degree  of  heat  fuddenly  to  any 
iubftance,  or  when  it  is  neceflary  that  the  operator 
be  at  liberty  to  handle  frequently  the  matters  which 
he  propofes  to  fuie  or  calcine. 

The  cupelling  furnace  is  that  in  which  gold  and 
filver  are  purified,  by  the  means  of  lead,  from  all  al¬ 
loy  of  other  metallic  fubftances.  This  furnace  muft 
give  a  heat  ftrong  enough  to  vitrify  lead,  and  there¬ 
with  all  the  alloy  w’hich  the  perfect  metals  may 
contain.  This  furnace  is  to  be  built  in  the  follow¬ 
ing  manner. 

f*  irft,  of  thick  iron-plates,  or  of  fome  fuch  com- 
pofition  of  earth  as  we  recommended  for  the- 
conftrudion  of  furnaces,  muft  be  formed  a  hol¬ 
low  quadrangular  priftn  whofe  fides  may  be  about 
a  foot  broad,  and  from  ten  to  eleven  inches  hio-h  ; 
and  extending  from  thence  upwards  may  converge 
towards  the  top,  fo  as  to  form  a  pyramid  truncated 
at  the  heighth  of  l'even  or  eight  inches,  and  termi¬ 
nated  by  an  aperture  of  the  width  of  feven  or  eight 
inches  every  way.  The  lower  part  of  the  prifm  is 
terminated  and  clofed  by  a  plate  of  the  fame  mate¬ 
rials  of  which  the  furnace  is  conftruded. 

Secondly,  in  the  fore-fide  or  front  of  this  prifm 
there  is  an  opening  of  three  or  four  inches  in  heighth 
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by  five  or  fix  inches  in  breadth  :  this  opening 
which  fhould  be  very  near  the  bottom,  is  the  door 
of  the  aft*- hole,  Immediately  over  this  opening  is 
placed  an  iron  grate,  the  bars  of  which  are  qua¬ 
drangular  pry  fins  of  half  an  inch  fquare,  laid  par* 
railel  to  each  other,  and  about  eight  or  nine  inches 
afunder,  and  fo  dilpofed  that  two  of  their  angles  are 
laterally  oppofite,  the  two  others  looking  one  di- 
redly  upwards  and  the  other  downwards.  As  in 
this  fituation  the  bars  of  the  grate  prefent  to  the 
fire-place  very  oblique  furfaces,  the  allies  and  very 
fmall  coals  do  not  accumulate  between  them,  or 
hinder  the  free  entrance  of  the  air  from  the  afh- 
hole.  This  grate  terminates  the  afh-hole  at  its 
upper  part,  and  lerves  for  the  bottom  of  the  fire¬ 
place. 

Thirdly,  three  inches,  or  three  and  a  half,  above 
the  grate,  there  is  in  the  fore-fide  of  the  furnace 
another  opening  terminated  by  an  arch  for  its  upper 
part,  which  confequently  has  the  figure  of  a  femi- 
circle  :  it  ought  to  be  four  inches  wide  at  bottom, 
and  three  inches  and  an  half  high  at  its  middle. 
This  opening  is  the  door  of  the  fire  place  ;  yet  it  is 
not  intended  for  the  fame  ules  as  the  door  of  the  fire¬ 
place  in  other  furnaces  :  the  purpofe  for  which  it  is 
adually  deftined  fhall  be  explained  when  we  come 
to  fhew  how  the  furnace  is  to  be  ufed.  An  inch 
above  the  door  of  the  fire-place,  ftill  in  the  forefidç 
of  the  furnace,  ar£  two  holes  of  about  an  inch  dia¬ 
meter,  and  at  the  diftance  of  three  inches  and  a 
half  from  each  other,  to  which  anfwer  two  other 
holes  of  the  fame  fize,  made  in  the  hinder  part, 
dire&ly  oppofite  to  thefe.  There  is  moreover 
a  fifth  hole  of  the  fame  width  about  an  inch  above 
the  door  of  the  fire-place.  The  defign  of  all  thefe 
holes  fhall  be  explained  when  we  defcribe  the  man¬ 
ner  in  which  thefe  furnaces  are  to  be  ufed. 

Fourthly, 
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Fourthly,  the  fore-part  of  the  furnace  is  bound 
by  three  iron  braces,  one  of  which  is  fixed  juft  be¬ 
low  the  door  of  the  afh-hole  ;  the  fécond  occupies 
the  whole  fpace  between  the  afh  hole  door  and  the 
door  of  the  fire-place,  and  has  two  holes  in  it, 
anfwering  to  thofe  which  we  directed  to  be  made  in 
the  furnace  itfelf  about  this  place  ;  and  the  third  is 
placed  immediately  over  the  door  of  the  fire-place. 
Thefe  braces  muft  extend  from  one  corner  of  the 
front  of  the  furnace  to  the  other,  and  be  faftened 
thereto  with  iron  pins,  in  fuch  a  manner  that  their 
fxdes  next  to  the  doors  may  not  lie  quite  clofe  to  the 
body  of  the  furnace, ,  but  form  a  kind  of  grooves 
for  the  iron  plates  to  Hide  in,  that  are  defigned  to 
Ihut  the  two  doors  of  the  furnace  when  it  is  necef- 
fary.  Each  of  thefe  iron  plates  fhould  have  a  han¬ 
dle,  by  which  it  may  be  conveniently  moved  ;  and 
to  each  door  there  fhould  be  two  plates,  which 
meeting  each  other,  and  joining  exaftly  in  the  mid¬ 
dle  of  the  door-place,  may  finit  it  very  clofe.  Each  of 
the  two  plates  belonging  to  the  door  of  the  fire¬ 
place  ought  to  have  a  hole  in  its  upper  part  ;  one 
of  thefe  holes  fhould  be  a  flit  of  about  two  lines 
wide,  and  half  an  inch  long  ;  the  other  may  be  a 
femi- circular  opening  of  one  inch  in  heighth  and  two 
in  breadth.  Thefe  holes  fhould  be  placed  fo  that 
neither  of  them  may  open  into  the  fire-place  when 
the  two  plates  are  joined  together  in  the  middle  of 
the  door  to  flint  it  clofe. 

Fifthly,  to  terminate  the  furnace  above,  there 
muft  be  a  pyramid  formed  of  the  fame  materials 
with  the  furnace,  hollow,  quadrangular,  three 
inches  high  on  a  bale  of  feven  inches,  which  bale 
muft  exaétîy  fit  the  upper  opening  of  the  furnace  : 
the  top  of  this  pyramidal  cover  muft  end  in  a  tube 
of  three  inches  in  diameter  and  two  in  heighth, 
which  muft  be  almoft  cylindrical,  and  yet  a  little 
inclining  to  the  conical  form.  This  tube  ferves, 
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as  in  the  furnaces  already  defcribed,  to  carry  the  co¬ 
nical  funnel,  which  is  fitted  to  the  upper  part  when 
a  fire  of  extraordinary  activity  is  wanted. 

The  furnace  thus  conftruéted  is  fit  to  ferve  all  the 
purpofes  for  which  it  is  defigned  :  yet  before  it  can 
be  ufed  another  piece  mull  be  provided,  which, 
though  it  does  not  properly  belong  to  the  furnace, 
is  neverthelefs  necefiary  in  all  the  operations  per¬ 
formed  by  it  ;  and  that  is  a  piece  contrived  to  con¬ 
tain  the  cupels,  or  other  veffels  which  are  to  be  ex- 
pofed  to  the  fire  in  this  furnace.  It  is  called  a  Muf¬ 
fle,  and  is  made  in  the  following  manner. 

On  an  oblong  fquare,  of  four  inches  in  breadth,  and 
fix  or  feven  in  length,  a  concave  femi- cylinder  is 
eredled,  in  the  form  of  a  vault,  which  makes  a 
femi-.circular  canal,  open  at  both  ends.  One  of 
thefe  is  almoll  entirely  clofed,  except  that  near  the 
bottom  two  fmall  femi-circular  holes  are  left.  In 
each  of  its  fides  likewife  two  fuch  holes  are  made, 
and  the  other  end  is  left  quite  open. 

The  Muffle  is  intended  to  bear  and  communicate 
the  fiercest  heat  ;  and  therefore  it  mufl  be  made 
thin,  and  of  an  earth  that  will  refill  the  violence  of 
fire,  fuch  as  that  of  which  crucibles  are  made.  The 
Muffle  being  thus  conllrudted,  and  then  well  baked, 
is  fit  for  ufe. 

When  it  is  to  be  ufed  it  mufl  be  put  into  the  fur¬ 
nace  by  the  upper  opening,  and  fet  upon  two  iron 
bars,  introduced  through  the  holes  made  for  that 
purpofe  below  the  door  of  the  fire-place.  The 
Muffle  mull  be  placed  on  thefe  bars  in  the  fire  place, 
in  fuch  a  manner  that  its  open  end  fhall  Hand  next  to 
and  diredtly  againll  the  door  of  the  fire-place,  and  may 
he  joined  to  it  with  lute.  Then  the  cupels  are  ranged 
in  it,  and  the  furnace  is  filled  up,  to  the  heighth 
of  two  or  three  inches  above  the  Muffle,  with  fmall 
coals  not  bigger  than  a  walnut,  to  the  end  that  they 
may  lie  clofe  round  the  Muffle,  and  procure  it  an 
Vol.  h  O  equal 
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equal  heat  on  every  fide.  The  chief  ufe  of  the  Muf¬ 
fle  is  to  prevent  the  coals  and  allies  from  fallingtinto 
the  cupels,  which  would  be  very  prejudicial  to  the 
operations  carrying  on  in  them  :  for  the  lead  would 
not  vitrify  as  it  ought,  becaufe  the  immediate  con- 
tadt  of  the  coals  would  continually  redore  its  phlo- 
gifton  ;  or  elfe  the  glafs  of  lead,  which  ought  to 
penetrate  and  pafs  through  the  cupels,  would  be 
rendered  incapable  of  fo  doing  ;  becaufe  the  afhes 
mixing  therewith  would  give  it  fuch  a  confidence 
and  tenacity  as  would  deftroy  that  property,  or  at 
lead  confiderably  leffen  it.  The  openings  therefore, 
which  are  left  in  the  lower  part  of  die  Muffle,  fhould 
not  be  fo  high  as  to  admit  coals  or  afhes  to  get  into 
the  cupels  ;  the  ufe  of  them  is  to  procure  an  eafier 
padage  for  the  heat  and  the  air  to  thofe  veffels.  The 
Muffle  is  left  quite  open  in  its  fore-part,  that  the 
operator  may  be  at  liberty  to  examine  what  paffes  in 
the  cupels,  to  dir  their  contents,  to  remove  them 
from  one  place  to  another,  to  convey  new  matters 
into  them,  &c.  and  alfo  to  promote  the  free  accefs 
of  the  air,  which  mud  concur  with  the  fire  towards 
the  evaporation  neceffary  to  the  vitrification  of  lead  j 
which  air,  if  frefh  were  not  often  enough  admitted, 
would  be  incapable  of  producing  that  effedl  *  be¬ 
caufe  it  would  foon  be  loaded  with  fuch  a  quantity 
of  vapours  that  it  could  not  take  up  any  more. 

The  government  of  the  fire  in  this  furnace  is 
founded  on  the  general  principles  above  laid  down 
for  all  furnaces.  Yet  as  there  are  fome  little  dif¬ 
ferences,  and  as  it  is  very  efifential  to  the  fuccefs 
of  the  operations  for  which  this  furnace  is  intended, 
that  the  artid  fhould  be  abfoiutely  mader  of  his  de¬ 
gree  of  heat,  we  fhall  in  few  words  fhew  how  that 
may  be  raifed  or  lowered. 

When  the  furnace  is  filled  with  coals  and  kindled, 
if  the  door  of  the  afh-hole  be  fet  wide  open,  and 
that  of  the  fire-place  lhut  very  dole,  the  force  of 
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the  fire  is  encreafed  -,  and  if  moreover  the  pyrami¬ 
dal  cover  be  put  on  the  top,  and  the  conical  funnel 
added  to  it,  the  fire  will  become  ftill  more  fierce. 

Seeing  the  matters  contained  in  this  furnace  are 
encompafted  with  fire  on  all  fides,  except  in  the  fore 
part  oppofite  to  the  door  of  the  fire-place,  and  as 
there  are  occafions  which  require  that  the  force  of 
the  fire  fhould  be  applied  to  this  part  alio,  an  iron 
box,  of  the  fhape  and  fize  of  the  door,  hath  been 
contrived  to  anfwer  that  purpofe.  This  box  is  fill¬ 
ed  with  lighted  coals,  and  applied  immediately  to 
the  door-place,  by  which  means  the  heat  there  is 
confiderably  augmented.  This  help  may  be  made 
ufe  of  at  the  beginning  of  the  operation,  in  order 
to  accelerate  it,  and  bring  the  heat  fooner  to  the  de¬ 
fined  degree  ;  or  in  cafe  a  very  fierce  heat  be  requir¬ 
ed  ;  or  at  a  time  when  the  air  being  hot  and  moift 
will  not  make  the  fire  burn  with  the  neceffary  vi¬ 
gour. 

The  heat  may  be  lefifened  by  removing  the  iron 
box,  and  fhutting  the  door  of  the  fire-place  quite 
clofe.  It  may  be  ftill  further  and  gradually  dimi- 
niftied,  by  taking  off  the  conical  funnel  from  the 
top  ;  by  fhutting  the  door  of  the  fire-place  with  one 
of  its  plates  only,  that  which  has  the  leaft,  or  that 
which  has  the  greateft  aperture  in  it  ;  by  taking  off 
the  pyramidal  cover  ;  by  fhutting  the  afti-hole  door 
wholly  or  in  part  -,  and  laftly,  by  fetting  the  door  of 
the  fire-place  wide  open  :  but,  in  this  laft  cafe,  the 
cold  air  penetrates  into  the  cavity  of  the  Muffle,  and 
refrigerates  the  cupels  more  than  is  aim  oft  ever  ne- 
ceflary.  If  it  be  obferved,  during  the  operation, 
that  the  Muffle  grows  cold  in  any  particular  part, 
it  is  a  fign  there  is  a  vacuity  left  by  the  coals 
in  that  place  :  in  this  cafe  an  iron  wire  muft  be 
thruft  into  the  furnace,  through  the  hole  which  is 
over  the  door  of  the  fire-place,  and  the  coals  ftirred 
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therewith,  fo  as  to  make  them  fall  into  their  places 
and  fill  up  the  vacant  interftices. 

It  is  proper  to  obferve  that,  befides  what  has  been 
faid  concerning  the  ways  of  increafing  the  a&ivity 
of  the  fire  in  the  cupelling  furnace,  feveral  other 
caufes  alfo  may  concur  to  procure  to  the  matters 
contained  in  the  Muffle  a  greater  degree  of  heat  : 
for  example,  the  fmaller  the  Muffle  is  ;  the  wider 
and  more  numerous  the  holes  in  it  are  ;  the  nearer  to 
its  bottom,  or  further  end,  the  cupels  are  placed  -,  the 
more  wiil  the  matters  therein  contained  be  affedted 
with  heat. 

Befides  the  operations  to  be  performed  by  the  cu¬ 
pel,  this  furnace  is  very  ufeful,  and  even  necefiary,  for 
many  chymical  experiments  ^  fuch,  for  infiance,  as 
thofe  relating  to  fundry  vitrifications  and  enamelling. 
As  it  is  pretty  low,  the  belt  way  is  to  place  it,  when 
it  is  to  be  tiled,  on  a  bafe  of  brick- work  that  may 
raife  it  to  a  level  with  the  operator’s  hand. 

A  lamp-furnace  is  exceeding  ufeful  for  all  opera¬ 
tions  that  require  only  a  moderate,  but  long  continu¬ 
ed,  degree  of  heat.  The  furnace  for  working  with  a 
lamp-heat  is  very  fimple  :  it  confifts  only  of  a  hol¬ 
low  cylinder,  from  fifteen  to  eighteen  inches  high,  and 
five  or  fix  in  diameter,  having  at  its  bottom  an  aper¬ 
ture  large  enough  for  a  lamp  to  be  introduced 
and  withdrawn  with  eafe.  The  lamp  muft  have 
three  or  four  wicks,  to  the  end  that  by  lighting 
more  or  fewer  of  them  a  greater  or  lefs  degree  of 
heat  may  be  produced.  The  body  of  the  furnace 
muft  moreover  have  feveral  fmall  holes  in  it,  in  or¬ 
der  to  fupply  the  flame  of  the  lamp  with  air  enough 
to  keep  it  alive. 

On  the  top  of  this  furnace  ftands  a  bafon  five 
or  fix  inches  deep,  which  ought  to  fill  the  cavity  of 
the  cylinder  exaàly,  and  to  be  fupported  at  its  cir¬ 
cumference  by  a  rim  which  may  entirely  cover  and 
dole  the  furnace  :  the  ufe  of  this  bafon  is  to  con¬ 
tain 


Theory  o/Chymistry.  197 

tain  the  fand  through  which  the  lamp-heat  is  ufually 
conveyed. 

Befides  this  there  mull  be  a  kind  of  cover  or 
dome  made  of  the  fame  material  with  the  furnace, 
and  of  the  fame  diameter  with  the  fand- bath,  with¬ 
out  any  other  opening  than  a  hole,  nearly  circular, 
cut  in  its  lower  extremity.  This  dome  is  a  fort  of 
reverberatory,  which  ferves  to  confine  the  heat  and 
direft  it  towards  the  body  of  the  retort  ;  for  it  is 
ufed  only  when  fomething  is  to  be  diftilled  in  a  vef- 
fel  of  this  fafnion  -,  and  then  the  hole  at  its  bottom 
ferves  for  a  pafiage  to  the  neck  of  the  retort.  This 
dome  fhould  have  an  ear  or  handle,  for  the  conve- 
niency  of  putting  it  on  and  taking  it  off  with  eafe. 

Of  Lutes . 

Chymical  vefiels,  efpecially  fuch  as  are  made 
of  glafs,  and  the  earthen  vefiels  commonly  called 
ftone-ware,  are  very  fubjeft  to  break  when  expofed 
to  fudden  heat  or  cold  -,  whence  it  comes  that  they 
often  crack  when  they  begin  to  heat,  and  alfo  when 
being  very  hot  they  happen  to  be  cooled,  either  by 
frelh  coals  thrown  into  the  furnace,  or  by  the  accefs 
of  cold  air.  There  is  no  way  to  prevent  the  former 
of  thefe  accidents,  but  by  taking  the  pains  to  warm 
your  vefiel  very  {lowly,  and  by  almoft  inlenfible  de¬ 
grees.  The  fécond  may  be  avoided  by  coating  the 
body  of  the  vefiel  with  a  pafte  or  lute,  which  being 
dried  will  defend  it  againft  the  attacks  of  cold. 

The  fitted  fluff  for  coating  vefiels  is  a  compo- 
fition  of  fat  earth,  Windfor-loam,  fine  fand,  file- 
ings  of  iron,  or  powdered  glafs,  and  chopped  cow’s 
hair,  mixed  and  made  into  a  pafte  with  water.  This 
lute  ferves  alfo  to  defend  glafs  vefiels  againft  the  vio¬ 
lence  of  the  fire,  and  to  prevent  their  melting  eafily. 

In  almoft  all  dift illations  it  is  of  great  confequence, 
as  hath  been  faid,  that  the  neck  ot  the  diftilling  vef- 
fel  be  exadlly  joined  with  that  of  the  receiver  into 
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which  it  k  introduced,  in  order  to  prevent  the  va* 
pours  from  efcaping  into  the  air  and  fo  being  loft  : 
and  this  junction  is  effedted  by  means  of  a  lute. 

A  few  (lips  of  paper  applied  round  the  neck  of 
the  veffels  with  common  fize  will  be  fufficient  to 
keep  in  fuch  vapours  as  are  aqueous,  or  not  very  fpi- 
rituous. 

If  the  vapours  are  more  acrid  and  more  fpiritu- 
ous,  recourfe  may  be  had  to  Hips  of  bladder  long 
fteeped  in  water,  which  containing  a  fort  of  natu^ 
ral  glue  clofe  the  junctures  of  the  vefîèls  very 
well. 

If  it  be  required  to  .  confine  vapours  of  a  ftill  more 
penetrating  nature,  it  will  be  proper  to  employ  a  lute 
that  quickly  grows  very  hard  particularly  a  pafte 
made  with  quick-lime  and  any  fort  of  gelly,  whether 
vegetable  or  animal  ;  fuch  as  the  white  of  an  egg, 
ftiff  fize,  See.  This  is  an  excellent  lute  and  not 
eafily  penetrated.  It  is  alfo  ufed  to  flop  any  cracks 
or  fradtures  that  happen  to  glafs  veffels.  But  it  is 
not  capable  of  refilling  the  vapours  of  mineral  acid 
fpirirs,  efpecially  when  they  are  ftrong  and  fmoking  : 
for  that  purpofe  it  is  neceffary  to  incorporate  the 
other  ingredients  thoroughly  with  fat  earth  foftened 
with  water  ;  and  even  then  it  frequently  happens 
that  this  lute  is  penetrated  by  acid  vapours,  efpeci¬ 
ally  thofe  of  the  fpirit  of  fait,  which  of  all  others 
are  confined  with  the  greateft  difficulty. 

In  fuch  cafes  its  place  may  be  fupplied  with  ano¬ 
ther,  which  is  called  Fat  Lute,  becaufe  it  is  actu¬ 
ally  worked  up  with  fat  liquors.  This  lute  is  com- 
pofedof  a  very  fine  cretaceous  earth,  called  tobacco- 
pipe  clay,  moiftened  with  equal  parts  of  the  drying 
oil  of  lint-feed,  and  a  varnifh  made  of  amber 
and  gum  copal.  It  mull  have  the  confiftence  of  a 
ftiff  pafte.  When  the  joints  of  the  veffeis  are  clof- 
cd  up  with  this  lute,  they  may,  for  greater  fecurity. 
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be  covered  over  with  flips  of  linnen  fmeared  with 
the  lute  made  of  quick-lime  and  the  white  of  an  egg. 

Chymical  veffels  are  liable  to  be  broken  in  an  ope¬ 
ration  by  other  caufes  befides  the  fudden  application 
of  heat  or  cold.  It  frequently  happens  that  the  va¬ 
pours  of  the  matters  expofed  to  the  adtion  of  fire 
rufh  out  with  fuch  impetuofity,  and  are  fo  elaftic, 
that  finding  no  paflage  through  the  lute  with  which 
the  joints  of  the  vefifels  are  clofed,  they  burft  the 
veflfels  themfelves,  fometimes  with  explofion  and 
danger  to  the  operator. 

To  prevent  this  inconvenience,  it  is  neceflary 
that  in  every  receiver  there  be  a  fmall  hole,  which 
being  flopped  only  with  a  little  lute  may  eafily 
be  opened  and  fhut  again  as  occafion  requires.  It 
ferves  for  a  vent-hole  to  let  out  the  vapours,  when 
the  receiver  begins  to  be  too  much  crowded  with 
them.  Nothing  but  pradlice  can  teach  the  artifi: 
when  it  is  requifite  to  open  this  vent.  If  he  hits 
the  proper  time,  the  vapours  commonly  rufh  out 
with  rapidity,  and  a  confiderable  hifling  noife  ;  and 
the  vent  fhould  be  flopped  again  as  foon  as  the  hilfl- 
ing  begins  to  grow  faint.  The  lute  employed  to  flop 
this  fmall  hole  ought  always  to  be  kept  fo  dudtile, 
that  by  taking  the  figure  of  the  hole  exactly  it  may 
entirely  flop  it.  Befides,  if  it  fhould  harden  upon 
the  glafs,  it  would  flick  fo  faft  that  it  would  be  very 
difficult  to  remove  it  without  breaking  the  veflèh 
This  danger  is  eafily  avoided  by  making  ufe  of  the 
fat  lute,  which  continues  pliant  for  a  long  time, 
when  it  is  not  expofed  to  an  excefllve  heat. 

This  way  of  flopping  the  vent-hole  of  the  re¬ 
ceiver  has  yet  another  advantage  :  for  if  the  hole 
be  of  a  proper  width,  as  a  line  and  half,  or  two  lines, 
in  diameter,  then  when  the  vapours  are  accumulat¬ 
ed  in  too  great  a  quantity,  and  begin  to  make  a 
great  effort  again  ft  the  fides  of  the  receiver,  they 
pufli  up  the  flopple,  force  it  out,  and  make  their 

O  4  way 


200  Elèmènt  S. 

way  through  the  vent-hole  :  fo  that  by  this  means 
the  breaking  of  the  vefiels  may  always  be  certainly 
prevented.  But  great  care  muft  be  taken  that  the 
vapours  be  not  fuffered  to  efcape  in  this  manner, 
except  when  abfolute  neceflity  requires  it  ;  for  it  is 
generally  the  very  ftrongeft  and  moft  fubtile  part  of 
a  liquor  which  is  thus  diffipated  and  loft. 

Heat  being  the  chief  caufe  that  puts  the  elafticity 
of  the  vapours  in  aétion,  and  prevents  their  condens¬ 
ing  into  a  liquor,  it  is  of  great  confequence  in  diftil- 
lation  that  the  receiver  be  kept  as  cool  as  pofiible. 
With  this  view  a  thick  plank  fhould  be  placed  be¬ 
tween  the  receiver  and  the  body  of  the  furnace,  to 
intercept  the  heat  of  the  latter,  and  prevent  its  reach- 
ing  the  former.  As  the  vapours  themfelves  rife  very 
hot  from  the  diftilling  vefîèl,  they  foon  communi¬ 
cate  their  heat  to  the  receiver,  and  efpecially  to  its 
upper  part,  againft  which  they  ftrike  firft.  For 
this  reafon  it  is  proper  that  linen  cloths  dipt  in  very 
cold  water  be  laid  over  the  receiver,  and  frequently 
Shifted.  By  this  means  the  vapours  will  be  confide- 
rably  cooled,  their  elafticity  weakened,  and  their 
condenfation  promoted. 

By  what  hath  been  faid  in  this  firft  part,  concerning 
the  properties  of  the  principal  agents  in  Chymiftry, 
the  conftrudlion  of  the  moft  necefiary  vefiels  and 
furnaces,  and  the  manner  of  ufing  them,  we  arc 
fufficiently  prepared  for  proceeding  diredtly  to  the 
operations,  without  being  obliged  to  make  frequent 
and  long  {tops,  in  order  to  give  the  necefiary  ex¬ 
planations  on  thofe  heads. 

Neverthelels  we  fhall  take  every  proper  occafion 
to  extend  the  theory  here  laid  down,  and  to  improve 
it  by  the  addition  of  feveral  particulars,  which  will 
find  their  places  in  our  treatife  of  Chymical  Ope- 
rations. 
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INTRODUCTION. 

AS  the  Elements  of  the  Theory  of  Chymiftry, 
delivered  in  the  former  part  of  this  work, 
were  intended  for  the  ufe  of  perfons  fup- 
pofed  to  be  altogether  unacquainted  with  the  art, 
they  could  not  properly  admit  of  any  thing  more 
than  fundamental  principles,  lb  dilpofed  as  conftant- 
ly  to  lead  from  the  Ample  to  the  compound,  from 
things  known  to  things  unknown  :  for  which  rea- 
fon  1  could  not  therein  obferve  the  ufual  order  of 
Chymical  Decompofition,  which  is  not  fufceptible  of 
fuch  a  method.  I  therefore  fuppofed  all  the  analy¬ 
ses  made, £  and  bodies  reduced  to  their  fimpleft  pria- 
ci  pies  •  to  the  end  that,  by  obferving  the  chief  pro¬ 
perties  of  thofe  primary  elements,  we  might  be  ena¬ 
bled  to  trace  them  through  their  feveral  combina¬ 
tions,  and  to  form  feme  fort  of  judgment  a  priori  of 
the  qualities  of  fuch  compounds  as  may  refult  from 

their  iun&ions. 

But  this  Tatter  part  is  of  a  different  nature.  It  is 
a  Praëücal  Treatife,  intended  to  contain  the  man¬ 
ner  of  performing  the  principal  Operations  of  Chy- 
miftry  •  the  operations  which  ferve  as  flandards  for 
regulating  all  the  reft,  and  which  confirm  the  fun- 
mental  truths  laid  down  in  the  Theoiy. 
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As  thefe  operations  conflit  aîmofl  wholly  of  ana-» 
lyfès  and  decompofitions,  there  can  be  no  doubt 
concerning  the  order  proper  to  be  obferved  in  giving 
an  account  of  them  :  it  evidently  coincides  with 
that  of  the  analyfis  itfelf. 

But  as  all  bodies,  which  are  the  fubjeéls  of  Chy- 
mical  operations,  are  divided  by  nature  into  three 
clafîès  or  kingdoms,  the  mineral,  the  vegetable, 
and  the  animal,  the  analyfis  thereof  may  natürally 
be  divided  into  three  branches  :  fome  difference  may 
alfo  arife  from  the  different  order  in  which  thefe  three 
may  be  treated  of. 

^  Âs  the  reafons  afligned  for  beginning  with  one 
kingdom  rather  than  with  another  have  never  been 
thoroughly  canvafïed,  and  may  perhaps  leem  e- 
qually^  good  when  viewed  in  a  particular  light, 
Chymical  writers  differ  in  their  opinions  on  this 
point.  For  my  part,  without  entering  into  a  dif- 
cuffion  of  the  motives  which  have  determined  others 
to  follow  a  different  order,  Ï  fhall  only  produce  the 
reafons  that  led  me  to  begin  with  the  mineral  king¬ 
dom,  to  examine  the  vegetable  in  the  fécond  place, 
and  to  conclude  with  the  animal. 

Firft  then,  feeing  vegetables  draw  their  nourifh- 
ment  from  minerals,  and  animals  derive  theirs  from 
vegetables,  the  bodies  which  conflitute  thefe  three 
kingdoms  feem  to  be  generated  the  one  by  the  other, 
in  a  manner  that  determines  their  natural  rank. 

Secondly,  this  difpofition  procures  us  the  advan¬ 
tage  ofj.  tracing  the  principles,  from  their  fource  in 
the  mineral  kingdom,  down  to  the  laft  combinations 
into  which  they  are  capable  of  entering,  that  is,  in¬ 
to  animal  matters  ;  and  of  obferving^the  fucceffive 
alterations  they  undeigo  in  palling  out  of  one  king¬ 
dom  into  another.  & 

TL  hirdly  and  laffly,  I  look  upon  the  analyfis  of 
minerals  to  be  the  eafieft  of  all  ;  not  only  becaufe 
*hey  confift  of  fewer  principles  than  vegetables  and 
animals,  but  aifo  becaufe  alrnoft  all  of  them  are  capable 

of 
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of  enduring  the  moil  violent  aCtion  of  fire,  when  that 
is  necefiary  to  their  decompofition,  without  any  con- 
fiderable  change  or  diminution  of  their  principles,  to 
which  thofe  of  other  fubftances  are  frequently  liable. 

Befides,  I  am  not  fingular  in  this  diftribution  of 
the  three  clafies  of  bodies,  which  are  the  fubjeCts  of 
the  chymical  analyfis  :  as  it  is  the  moll  natu¬ 
ral,  it  has  been  adopted  by  feveral  authors,  or 
rather  by  mod  who  have  publifhed  Treadles  of 
Chymiftry.  But  there  is  fomething  peculiarly 
my  own  in  the  manner  wherein  I  have  treated 
the  analyfis  of  each  kingdom.  In  the  mineral 
kingdom,  for  inftance,  will  be  found  a  confidera- 
ble  number  of  operations  not  to  be  met  with  in  other 
Treatifes  of  Chymiftry  -,  the  authors  having  proba¬ 
bly  confidered  them  as  ufelefs,  or  in  fome  meafure 
foreign,  to  the  purpofe  of  elementary  books,  and 
as  conftituting  together  a  diftinCt  art,  I  mean  the 
procédés  for  extracting  faline  and  metallic  fubftances 
from  the  minerals  containing  them. 

Yet,  if  it  be  confidered  that  faits,  metals,  and 
femi- metals  are  far  from  being  produced  by  nature 
in  a  date  of  perfection,  or  in  that  degree  of  purity 
which  they  are  commonly  fuppofed  to  have  when 
they  are  firft  treated  of  in  Books  of  Chymiftry  \ 
but  that,  on  the  contrary,  thefe  fubftances  are  ori¬ 
ginally  blended  with  each  other,  and  adulterated 
with  mixtures  of  heterogeneous  matters,  wherewith 
they  form  compound  minerals  -,  I  imagine  it  will  bev 
allowed  that  the  operations  by  which  thefe  minerals 
are  decompofed,  in  order  to  extraCt  the  metals,  fe¬ 
rn  i- metals,  and  other  fimpler  fubftances,  efpecially 
as  they  are  founded  on  the  moft  curious  properties  of 
thefe  fubftances,  are  fo  far  from  being  ufelefsor  foreign 
to  the  purpofes  of  an  elementary  treatife,  that  they 
are,  on  the  contrary,  abfolutely  neceffary  thereto. 

After  I  had  made  thefe  reflections,  I  could  not 
help  thinking  that  an  analyfis  of  minerals,  which 
fhould  treat  of  faline  and  metallic  fubftances,  with¬ 
out 
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out  taking  any  notice  of  the  manner  in  which  their 
matrices  muft  be  analyfed  in  order  to  extraft  them, 
would  be  no  lefs  defective,  than  a  treatife  of  the  ana- 
lylis  of  vegetables,  in  which  Oils,  effential  Salts,  fix- 
ed  and  volatile  Alkalis  lhould  be  amply  treated  of, 
without  faying  one  word  of  the  manner  of  analyfing 
the  plants  from  which  thefe  feveral  fubftances  are 
obtained.  I  therefore  thought  myfelf  indifpenfably 
obliged  to  defcribe  the  manner  of  decompofing  eve¬ 
ry  ore  or  mineral,  before  I  attempted  to  treat  of  the 
faline  or  metallic  fubftance  which  it  yields. 

For  example  :  as  the  Vitriolic  Acid,  with  the  con- 
fideration  of  which  I  begin  my  Mineral  Analyfis,  is 
originally  contained  in  Vitriol,  Sulphur,  and  Alum  5 
and  as  thefe  fubftances  again  derive  their  origin  from 
the  fulphureous  and  ferruginous  Pyrites,  the  firft 
operations  I  defcribe  under  this  head  are  the  pro- 
cefles  for  decompofing  the  Pyrites  in  order  to  extrad 
its  Vitriol,  Sulphur,  and  Alum.  I  then  proceed  to 
the  particular  analyfis  of  each  of  thefe  fubftances, 
with  a  view  to  extra#  their  Vitriolic  Acid  ;  and  af¬ 
terwards  deliver,  in  their  order,  the  other  operations 
ufually  performed  on  this  Acid.  Thus  it  appears 
that  this  faline  fubftance  occafions  my  defcribincr  the 
analyfes  of  the  Pyrites,  Vitriol,  Sulphur,  and  Alum. 

The  whole  of  the  treatife  on  minerals  proceeds  on 
the  fame  plan. 

The  operations  by  which  we  decompofe  ores  and 
minerals  are  of  two  forts  :  thofe  employed  in  work¬ 
ing  by  the  great,  and  thofe  for  trying  in  fmall  the 
yield  of  any  ore.  Thefe  two  manners  of  operating 
are  fometimes  a  little  different  ;  yet  in  the  main  they 
.i  t  t ’  -  lame,  becaule  they  are  founded  on  the  fame 
principles,  and  produce  the  fame  effeds, 

,  As  my  c hief  uefign  was  to  defcribe  the  operations 
that  may  be  conveniently  performed  in  a  labora¬ 
tory,  1  have  preferred  the  procelfes  for  fmall  aflays  ; 
efpecially  as  they  are  ufually  performed  with  more 

care 
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care  and  accuracy  than  the  operations  in  great 
works  ;  and  here  I  muft  acknowledge  that  I  am  oblig¬ 
ed  to  M.  Cramer’s  Docimafia ,  or  Art  of  Allaying, 
for  all  the  operations  of  this  kind  in  my  analyfis  of 
minerals.  As  M.  Hellot’s  work  on  that  fubjedt  did 
not  appear  dll  after  I  had  finifhed  this,  M.  Cramer’s 
Docimafia,  in  which  found  Theory  is  joined  with 
accurate  Pradice,  was  the  belt  book  of  the  kind  I 
could  at  that  time  confult.  I  therefore  preferred  it 
to  all  others  ;  and  as  I  have  not  quoted  it  in  my  ana¬ 
lyfis  of  minerals,  becaufe  the  quotations  would  have 
been  too  frequent,  let  what  I  fay  here  ferve  for  a  ge¬ 
neral  quotation.  1  have  been  careful  to  name,  as 
often  as  occafion  required,  the  other  authors  whofe 
procédés  I  have  borrowed  :  it  is  a  tribute  juftly  due 
to  thofe  who  have  communicated  their  difcoveries  to 
the  publick. 

Though  I  have  told  the  reader  that  in  my  ana¬ 
lyfis  of  minerals  he  will  find  the  procelfes  for  ex¬ 
trading  out  of  each  the  faline  or  metallic  fub- 
ftances° contained  in  it,  yet  he  muft  not  exped  that 
this  book  will  inftrud  him  in  all  that  it  is  neceffary 
he  fhould  know  to  be  able  to  determine,  by  an  ac¬ 
curate  affay,  the  contents  of  every .  mineral.  My 
intention  was  not  to  compofe  a  Treatife  of  Affaying; 
and  I  have  taken  in  no  more  than  was  abfolutely  ne¬ 
ceffary  to  make  the  analyfis  of  minerals  perfectly 
under  flood,  and  to  render  it  as  complete  as  it  ought 
to  be  in  an  Elementary  Treatife.  I  have  therefore 
defcribed  only  the  principal  operations  relating  there¬ 
to  ;  the  operations  which  are  fundamental,  and 
which,  as  I  faid  before,  are  to  ferve  as  ftandards 
for  the  reft,  abftraded  from  fuch  additional  circum- 
ftances  as  are  of  confequence  only  to  the  Art  of  Af¬ 
fay  ing,  properly  fo  called. 

Such  therefore  as  are  defirous  of  being  fully  in- 
ft ru died  in  that  Art,  muft  have  recourfe  to  thofe 

works  which  treat  profeffedly  of  the  fubjed  ;  and 
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particularly  to  that  publifhed  by  M.  Hellot  :  a  per¬ 
formance  mod  efteemed  by  fuch  as  are  beft  flcilled  in 
Chymiftry,  and  rendered  fo  complete  by  the  nume¬ 
rous  and  valuable  obfervations  and  difeoveries  of 
the  Author,  that  nothing  better  of  the  kind  can 
be  wifhed  for.  I  thought  it  proper  to  give  thefe 
notices  in  relation  to  my  analyfis  of  minerals  ;  and 
lhall  now  proceed  to  fhew  the  plan  of  my  analyfes 
of  vegetables  and  of  animals. 

Seeing  all  vegetable  matters  are  fufceptible  of  fer¬ 
mentation,  and  when  analyled  after  fermentation 
yield  principles  different  from  thofe  we  obtain  from 
them  before  they  are  fermented,  T  have  divided 
them  into  two  claffes  ;  the  former  including  vege¬ 
tables  in  their  natural  ftate,  before  they  have  un¬ 
dergone  fermentation  ;  and  the  latter  thofe  only  ’ 
which  have  been .  fermented.  This  analyfis  opens 
with  the  proceffes  by  which  we  extraft  from  vege¬ 
tables  all  the  principles  they  will  yield  without  the 
help  of  fire  ;  and  then  follow  the  operations  for  de- 
compofing  plants  by  degrees  of  heat,  from  the  gen- 
tleft  to  the  moil  violent,  both  in  clofe  veffels  and  in 
the  open  air. 

I  Lave  not  made  the  fame  divifion  m  the  animal 
kingdom,  becaufe  the  fubftances  that  compofe  it 
are  fufceptible  only  of  the  laft  degree  of  fermenta¬ 
tion,  or  putrefadlion  ;  and  moreover  the  principles 
they  yield,  whether  putrefied  or  unputrefied,  are  the 
very  fame,  and  differ  only  with  regard  to  their  pro¬ 
portions,  and  the  order  in  which  they  are  extricated 
during  the  analyfis. 

Ï  begin  this  analyfis  with  an  examination  of 
the  milk  of  animals  that  feed  wholly  on  vegeta¬ 
bles  ;  becaufe  though  this  fubftance  be  elaborated 
in  the  body  of  the  animal,  and  by  that  means 
brought  nearer  to  the  nature  of  animal  matters,  yet 
it  ftill  retains  a  great  fimilitude  to  the  vegetables 
from  which  it  derives  its  origin,  and  is  a  fort  of 
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intermediate  fubftance  between  the  vegetable  and 
animal.  Then  I  proceed  to  the  analyfis  of  animal 
matters  properly  fo  called,  thofe  which  a&ually  make 
a  part  of  the  animal  body.  I  next  examine  the  ex- 
crementitious  fubftances,  that  are  thrown  out  of  the 
animal  body  as  fuperfluous  and  ufelefs.  And  then 
I  conclude  this  latter  part  with  operations  on  the 
Volatile  Alkali  ;  a  faline  fubftance  of  principal  con- 
fideration  in  the  decompofition  of  animal  matters. 

Though  in  the  general  view  here  given  of  the 
order  obferved  in  this  Treatife  of  Practical  Chymif- 
try  I  have  mentioned  only  fuch  proceffes  as  ferve  for 
analyfing  bodies,  yet  I  have  alfo  inferted  fome  other 
operations  of  different  kinds.  The  book  would  be 
very  defective  if  it  contained  no  more  :  for  the  de- 
fign  of  Chymiftry  is  not  only  to  analyfe  the  mixts 
produced  by  nature,  in  order  to  obtain  the  fim- 
pleft  fubftances  of  which  they  are  compofed,  but 
moreover  to  difeover  by  fund ry  experiments  the  pro¬ 
perties  of  thofe  elementary  principles,  and  to  re¬ 
combine  them  in  various  manners,  either  with  each 
other,  or  wfth  different  bodies,  fo  as  to  reproduce 
the  original  mixts  with  all  their  properties,  or  even 
form  new  compounds  which  never  exifted  in  nature. 
In  this  book  therefore  the  reader  will  find  proceffes 
for  combining  and  recompounding,  as  well  as  for 
refolving  and  decompofing  bodies.  I  have  placed 
them  next  to  the  proceffes  for  decompofition,  tak¬ 
ing  all  poftible  care  not  to  interrupt  their  order,  or 
break  the  conne&ion  between  them. 
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OF  MINERALS. 


SECTION  I. 

Operations  performed  on  Saline  Minerai  Subjlances . 


CHAP,  I. 

Of  the  Vitriolic  Acii>, 


PROCESS  I. 

c/o  ext  raff  Vitriol  from  the  Pyrites . 

TA  K  E  any  quantity  you  pleafe  of  Iron-Py¬ 
rites  ;  leave  them  for  fome  time  expofed  to 
the  air  .  they  will  crack,  fplit,  lofe  their 
biightnefs,  and  fall  into  powder.  Put  this  powder  in- 
to  a  glafs  cucurbit,  and  pour  upon  it  twice  its  weight 
of  hot  water  ;  ftir  the  whole  with  a  Hick,  and  "the 
liquor  will  grow  turbid.  Pour  it  while  it  is  yet 
warm  into  a  glafs  funnel  lined  with  brown  filtering 
papei  y  and  having  placed  your  funnel  over  another 

glafs 
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glafs  cucurbit,  let  the  liquor  drain  into  it.  Pour 
more  hot  water  on  the  powdered  Pyrites,  filter  as 
before,  and  fo  go  on,  every  time  leflfening  the  quan¬ 
tity  of  water,  till  that  which  comes  off  the  Pyrites 
appears  to  have  no  aftringent  vitriolic  tafte. 

Put  all  thefe  waters  together  into  a  glafs  veflfel 
that  widens  upwards  ;  fet  it  on  a  fand  bath,  and 
heat  the  liquor  till  a  confiderable  fmoke  arifes  ;  but 
take  care  not  to  make  it  boil.  Continue  the  fame 
degree  of  fire  till  the  furface  of  the  liquor  begins 
to  look  dim,  as  if  fome  duft  had  fallen  into  it  ; 
then  ceafe  evaporating,  and  remove  the  veffel  into  a 
cool  place  :  in  the  fpace  of  four  and  twenty  hours 
there  will  be  formed  therein’  a  quantity  of  crys¬ 
tals,  of  a  green  colour  and  a  rhomboidal  figure  : 
thefe  are  Vitriol  pf  Mars,  or  Copperas.  Decant 
the  remaining  liquor  ;  add  thereto  twice  its  weight 
of  water  ;  filter,  evaporate,  and  cryflallize  as  be¬ 
fore  ;  repeat  thefe  operations  till  the  liquor  will 
yield  no  more  cry  fiais,  and  keep  by  themfelves  the 
cryflals  obtained  at  each  cryflallization. 

O  B  S  E  R  VAT  10  NS. 

The  Pyrites  are  minerals  which  by  their  weight 
and  fhining  colours  frequently  impofe  on  fuch  as 
are  not  well  acquainted  with  ores.  At  firfl  fight 
they  may  be  taken  for  very  rich  ones  ;  and  yet  they 
confiflonlyof  a  fmall  quantity  of  metal  combined  with 
much  fulphur  or  arfenic,  and  fometimes  with  both. 

They  flrike  fire  with  a  fteel  as  flints  do,  and  emit 
a  fulphureous  fmell  :  fo  that  they  may  be  known  by 
this  extemporaneous  proof.  The  metal  mofl  com¬ 
monly  and  mofl  abundantly  found  in  the  Pyrites  is 
iron  ;  the  quantity  whereof  fometimes  equals,  or 
even  exceeds,  that  of  the  fulphur.  Befides  metal¬ 
lic  and  fulphureous  matters,  the  Pyrites  contain  alfo 
fome  un  metal  lie  earth. 

T ’here  are  feveral  forts  of  Pyrites  :  fome  of  them 
contain  only  iron  and  arfenic  :  they  have  not  all  the 
property  of  efflorefeing  fpontaneoi  fly  in  the  air, 
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and  turning  into  vitriol  :  none  do  fo  but  fuch  as  coti- 
fid:  only  ot  iron  and  fulphur,  or  at  lead:  contain  but 
a  very  fmall  portion  of  copper  or  of  arfenic  :  and 
even  amongd  thofe  that  are  compofed  of  iron  and 
fulphur  alone,  there  are  fome  that  will  continue  for 
years  together  expofed  to  the  air  without  fhooting, 
and  indeed  without  fuffering  the  lead  fenfible  altera¬ 
tion. 

The  effiorefcence  of  the  iron  Pyrites,  and  the 
changes  they  undergo,  are  phenomena  well  worth 
our  notice.  They  depend  on  the  dngular  pro¬ 
perty  which  iron  poflfefles  of  decompofing  fulphur 
by  the  help  of  moidure.  If  very  fine  iron-filings 
be  accurately  mingled  with  fiowers  of  fulphur,  this 
mixture,  being  moidened  with  water,  grows  very 
hot,  fwells  up,  emits  fulphureous  vapours,  and  even 
takes  fire  :  what  remains  is  found  converted  into 
Vitriol  of  Mars.  On  this  occafion,  therefore,  the 
fulphur  is  decompofed  -,  its  inflammable  part  is  dif- 
fipated  or  confumed  ;  its  acid  combines  with  the 
iron,  and  a  Vitriol  arifes  from  that  conjunction. 

This  is  the  very  cafe  with  the  Pyrites  that  confid 
only  of  iron  and  fulphur  ;  yet  fopne  of  them,  as 
we  faid  before,  do  not  efflorefce  fpontaneoufly  and 
turn  to  VitrioL  The  reafon  probably  is  that  in  fuch 
minerals  the  particles  of  iron  and  fulphur  are  not 
intimately  mixed  together,  but  feparated  by  fome 
earthy  particles. 

In  order  to  procure  Vitriol  from  Pyrites  of  this 
kind,  they  mud  be  for  fome  time  expofed  to  the 
aedion  of  fire,  which  by  confuming  part  of  their 
fulphur,  and  rendering  their  texture  lefs  compacd, 
makes  way  for  the  air  and  moidure,  to  which  they 
mud  be  afterwards  expofed,  to  penetrate  their  fub- 
dance,  and  produce  in  them  thofe  changes  with 
which  thofe  others  are  a  deeded  that  germinate  fpon¬ 
taneoufly. 

The  Pyrites  which  contain  copper  and  arfenic, 
and  for  that  reafon  do  not  efflorefce,  mud  likewife 
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undergo  the  adtion  of  fire  ;  which,  befides  the  ef¬ 
fects  it  produces  on  Pyrites  that  confift  of  iron  and 
fulphur  only,  diffipates  alfo  the  greateft  part  of  the 
arfenic.  Thefe  Pyrites  being  firft  roafted,  and  then 
expofed  to  the  air  for  a  year  or  two,  do  alfo  yield 
Vitriol  -,  but  then  it  is  not  a  pure  Vitriol  of  Iron, 
but  is  combined  with  a  portion  of  blue  Vitriol,  the 
bafis  of  which  is  Copper, 

Sometimes  alfo  there  is  Alum  in  the  vitriolic  wa¬ 
ters  drawn  off  the  Pyrites.  It  was  on  account  of 
this  mixture  of  different  laits  that  we  recommended 
the  keeping  apart  the  cry  fiais  obtained  from  each 
different  cryftallization  :  for  by  this  means  they  may 
be  examined  feparately,  and  the  fpecies  to  which 
they  belong  difcovered. 

When  Vitriol  of  iron  is  adulterated  with  a  mix¬ 
ture  of  the  Vitriol  of  copper  only,  it  is  eafy  to  pu¬ 
rify  it  and  bring  it  to  be  entirely  martial,  by  diffolv- 
ing  it  in  water,  and  letting  plates  of  iron  in  the  fo- 
lution  :  for  iron  having  a  greater  affinity  than  cop¬ 
per  with  the  vitriolic  acid,  feparates  the  latter  from 
it,  and  affuming  its  place  produces  a  purg  Vitriol 
of  Mars. 

In  large  works  for  extracting  Vitriol  from  the 
Pyrites  they  proceed  thus.  They  colledt  a  great 
quantity  of  Pyrites  on  a  piece  of  ground  expofed  to 
the  air,  and  pile  them  up  in  heaps  of  about  three 
foot  high.  There  they  leave  them  expofed  to  the 
a&ion  of  the  air,  fun,  and  rain,  for  three  years 
together  ;  taking  care  to  turn  them  every  fix 
months,  in  order  to  facilitate  the  effiorefcence  of 
thofe  which  at  firft  lay  undermoft.  The  rain-water 
which  has  wafhed  thofe  Pyrites  is  conveyed  by  pro¬ 
per  channels  into  a  ciftern  -,  and  when  a  fufficient 
quantity  thereof  is  gathered,  they  evaporate  it  to  a 
pellicle  in  large  leaden  boilers,  having  firft  put 
into  it  a  quantity  of  iron,  fome  part  of  which  is  dif- 
folved  by  the  liquor,  becaufe  it  contains  a  vitriolic 
acid  that  is  not  fully  faturated  therewith.  When  it 
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is  fufficiently  evaporated,  they  draw  it  off  into  large 
leaden  or  wooden  coolers,  and  there  leave  it  to 
lhoot  into  cry  liais.  In  thefe  laft  veffels  feveral  flicks 
are  placed,  croffing  each  other  in  all  manner  of  di¬ 
rections,  in  order  to  multiply  the  furfaces  on  which 
the  cryltals  may  fallen. 

The  Pyrites  are  not  the  only  minerals  from  which 
Vitriol  may  be  procured.  All  the  ores  of  iron  and 
copper  that  contain  fulphur  may  alfo  be  made  to 
yield  green  or  blue  Vitriol,  according  to  the  nature 
of  each,  by  torrefying  them,  and  leaving  them  long 
expofed  to  the  air  :  but  this  ufe  is  feldom  made  of 
them,  as  there  is  more  profit  to  be  got  by  extract¬ 
ing  the  metals  they  contain.  Befides,  it  is  eafier  to 
obtain  Vitriol  from  the  Pyrites  than  from  thofe 
other  mineral  fubflances. 


PROCESS  II. 

To  extradi  Sulphur  from  the  Pyrites ,  and  other  ful- 

■phureous  Minerals. 

REDUCE  to  a  coarfe  powder  any  quantity  of 
yellow  Pyrites,  or  other  Mineral  containing 
Sulphur.  Put  this  powder  into  an  earthen  or  «lais 
retort,  having  a  long  wide  neck,  and  fo  large  a°bo- 
dy  that  the  matter  may  fill  but  two  thirds  of  it.  Set 
the  retort  in  a  jand-bath  fixed  over  a  reverberating 
furnace  :  fit  to  it  a  receiver  half  full  of  water,  and 
fo  placed  that  the  nofe  of  the  retort  may  be  about 
an  inch  under  the  water  :  give  a  gradual  fire,  tak¬ 
ing  care  you  do  not  make  it  fo  ftrong  as  to  melt 
the  matter.  Keep  the  retort  moderately  red  for  one 

hour,  or  an  hour  and  half,  and  then  let  the  veffels 
cool. 

Almoft  all  the  Sulphur  feparated  by  this  opera¬ 
tion  from  its  matrix  will  be  found  at  the  extremity 
or  the  neck  of  the  retorr,  being  fixed  there  bv 
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the  water.  You  may  get  it  out  either  by  melting  it 
with  fuch  a  gentle  heat  as  will  not  fet  it  on  Hie,  or 
by  breaking  the  neck  of  the  retort, 

O  BSERVA?  ION  S. 

Of  all  minerals  the  Pyrites  contain  the  mod  Sul¬ 
phur  ;  thofe  efpecially  which  have  the  colour  of  fine 
brafs,  a  regular  form,  fnch  as  round,  cubical,  hexa¬ 
gonal,  and°being  broken  prefent  a  number  of  film¬ 
ing  needles,  all  radiating,  as  it  were,  from  a  center. 

A  very  moderate  heat  is  fufficient  to  ieparate  the 
Sulphur  they  contain.  We  dire&ed  that  the  retort 
employed  fhould  have  a  long  and  a  wide  neck,  with 
a  view  to  procure  a  free  pafiage  for  the  Sulphur  :  the 
water  let  in  the  receiver  detains  the  Sulphur,  fixes  it, 
and  prevents  it  from  flying  off  •,  fo  that  it  is  unnecef- 
fary  to  clofe  the  joints  of  the  vefiels.  But  it  is  pro¬ 
per  to  take  notice  that  when  ever  you  ufe  an  appa¬ 
ratus  for  diftilling,  which  requires  the  beak  of  the 
retort  to  be  under  water,  it  is  of  very  great  confe- 
quence  that  the  fire  be  constantly  fo  regulated  that 
the  retort  may  not  cool  in  the  lead  :  for  in  that  cafe, 
as  the  rarefied  air  contained  therein  would  be  con- 
denfed,  the  water  in  the  receiver  would  rife  into  the 
retort  and  break  it. 

If  in  diftilling  Sulphur  according  to  the  prefent 
procefs  the  matter  contained  in  the  retort  fhould 
happen  to  melt,  the  operation  would  be  thereby  con- 
fiderably  protrafted,  and  it  would  require  a  great 
deal  more  time  to  extraft  all  the  Sulphur  j  becaufe 
all  evaporation  is  from  the  furface  only,  and  the 
matter,  while  it  remains  in  a  coarfe  powder,  prefents 
a  much  more  extenfive  furface  than  when  it  is 
melted. 

This  remark  holds  with  regard  to  all  otner  diftil- 
lations.  Any  quantity  of  liquor,  fet  to  diftil  in  its 
fluid  date,  will  take  much  more  time  to  rife  in  va¬ 
pours  and  pafs  from  the  retort  into  the  receiver, 

p  4  than 


2IÔ  Elements  of  the 

than  if  it  be  incorporated  with  fome  folid  body 
reduced  to  minute  parts,  fo  that  the  whole  fhail 
make  a  moift  powder  ;  and  this  though  the  very 
fame  degree  of  fire  be  applied  in  both  cafes. 

If  the  matter  from  which  it  is  propofed  to  extra# 
Sulphur  be  fuch  as  will  melt  with  the  degree  of  fire 
neceffary  to  this  operation  ;  that  is,  with  a  heat  which 
will  make  the  retort  but  faintly  red,  it  muft  be  mix¬ 
ed  with  fome  fubftance  that  is  not  fo  fufible.  Very 
pure  coarfe  fand  or  clean  gravel  may  be  ufed  with 
fuccefs  :  but  abforbent  earths  are  altogether  impro¬ 
per  for  this  purpofe,  becaufe  they  will  unite  with  the 
Sulphur. 

The  fulphureous  minerals  which  are  moft  apt  to 
fufe  are  the  cupreous  Pyrites,  or  yellow  copper  ores  : 
common  lead  ores  are  alfo  very  fufible. 

The  Pyrites  are  by  this  operation  deprived  of  al- 
moft  all  the  Sulphur  they  contain  ;  and  confequently 
little  is  left  behind,  but  the  particles  of  iron  and 
copper,  together  with  a  portion  of  unmetallic  earth, 
which  we  lhali  fhew  how  to  feparate  from  thefe  me¬ 
tals  when  we  come  to  treat  of  them.  I  fay  that  by 
this  operation  the  Pyrites  are  deprived  of  almoft  all, 
and  not  entirely  of  all  their  Sulphur  ;  becaufe,  this’ 
reparation  being  made  in  clofe  veifels  only,  there 
always  remains  a  certain  quantity  of  Sulphur,  which 
adheres  fo  obftinately  to  the  metals,  that  it  would  be 
almoft  impoffible  to  get  it  all  out,  even  though  a 
much  ftronger  fire  than  that  directed  in  the  procefs 
were  applied  for  this  purpofe,  and  though  choice 
had  been,  as  it  ought  to  be,  made  of  fuch  Pyrites, 
or  other  fulphureous  Minerals,  as  part  moft  eafily 
with  their  Sulphur.  Nothing  but  a  very  Itrono-  fire 
in  the  open  air  is  capable  of  carrying  it  wholly  off, 
or  confuming  it  entirely. 

In  feveral  places  are  found  great  quantities  of  na¬ 
tive  Sulphur.  The  Volcanos  abound  with  it,  and 
peoP!e  gather  it  at  the  foot  of  thofe  burning  moun- 

tains. 


Practice  o/Chymistry,  217 

tains.  Several  iprings  of  mineral  waters  alfo  yield 
Sulphur,  and  it  is  fometimes  found  fublimed  to  the 
vaulted  roofs  of  certain  wells,  and  among  others  in 
one  at  Aix-la-Chapelle. 

The  Germans  and  Italians  have  large  works, 
for  extrading  Sulphur  in  quantities  out  of  Py¬ 
rites,  and  other  minerals  which  abound  therewith. 
The  procefs  they  work  by  is  the  fame  with  that  here 
delivered  ;  with  this  difference  only,  that  Sulphur 
being  but  of  fmall  value  they  do  not  ufe  fo  many 
precautions.  They  content  themfelves  with  putting 
the  fulphureous  minerals  into  large  crucibles,  or  ra¬ 
ther  earthen  cucurbits,  which  they  place  in  the  fur¬ 
nace  in  fuch  a  manner  that,  when  the  fulphureous  part 
melts,  it  runs  into  veffels  filled  with  water,  and  is 
thereby  fixed. 

The  Sulphur  obtained,  either  by  difiillation  or 
by  fimple  fufion,  is  not  always  pure. 

When  it  is  obtained  by  diftillation,  if  the  matters 
from  which  you  extrad  it  contain  moreover  fome 
other  minerals  of  nearly  the  fame  volatility,  fuch, 
for  inftance,  as  Arfenic,  or  Mercury,  thefe  mine¬ 
rals  will  come  over  with  it.  This  is  eafily  perceiv¬ 
ed  :  for  pure  fublimed  Sulphur  is  always  of  a  beau¬ 
tiful  yellow,  inclining  to  a  lemon  colour.  If  it 
look  red,  or  have  a  reddifh  call,  it  is  a  fign  that 
fome  Arfenic  hath  rifen  along  with  it. 

Mercury  fublimed  with  Sulphur  likewife  gives  it 
a  red  colour  ;  but  Suiphur  is  very  feldom  adul¬ 
terated  with  this  metallic  fubftance  :  for  Arfenic  is 
frequently  found  combined  with  the  Pyrites  and 
other  fulphureous  minerals,  whereas  on  the  contrary 
we  very  rarely  meet  with  any  Mercury  in  them. 

But  if  Mercury  fhould  happen  to  rife  with  the 
Sulphur  in  diftillation,  it  may  be  difcovered  by  ex¬ 
amining  the  fublimate  ;  which,  in  that  cafe,  will 
have  the  properties  of  Cinabar  :  on  being  broken  its 
infide  will  appear  to  confift  of  needles  adhering  la- 
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terally  to  each  other  ;  its  weight  will  be  very  confi- 
derable  ;  and  laftly,  the  great  heat  of  the  place 
where  it  is  colle&ed  will  furnifh  another  mark  to 
know  it  by  ;  for  as  Cinabar  is  lefs  volatile  than  Ar- 
fenic  or  Sulphur,  it  fallens  on  places  too  hot  for  ei¬ 
ther  Sulphur  or  Arfenic  to  bear. 

Sulphur  may  alfo  be  adulterated  with  fuch  fixed 
matters,  either  metallic  or  earthy,  as  it  may  have 
carried  up  along  with  it  in  the  diftillation,  or  as  may 
have  been  fublimed  by  the  Arfenic,  which  has  a  Hill 
greater  power  than  Sulphur  to  volatilize  fixed  bodies. 

If  you  defire  to  free  the  Sulphur  from  moll  of 
thefe  heterogeneous  matters,  it  mull  be  put  into  an 
earthen  cucurbit,  and  fet  in  a  fand  bath.  To  the 
cucurbit  mull  be  fitted  one  or  more  aludels,  and 
fuch  a  degree  of  heat  applied  as  lhall  but  juft  melt 
the  Sulphur  ;  which  is  much  lefs  than  that  necef- 
fary  to  feparate  the  Sulphur  from  its  matrix.  As 
foon  as  the  Sulphur  is  melted  it  will  fublime  in  le¬ 
mon-coloured  flowers,  that  will  Hick  to  the  infides 
of  the  aludels. 

When  nothing  more  appears  to  rife  with  this  de¬ 
gree  of  heat,  the  velfels  mull  be  fuffered  to  cool. 
At  the  bottom  of  the  cucurbit  will  be  found  a  ful- 
phureous  mafs,  containing  the  greateft  part  of  the 
adventitious  matters  that  were  mixed  with  the  Sul¬ 
phur,  and  more  or  lefs  red  or  dark- coloured  ac¬ 
cording  to  the  nature  of  thofe  matters. 

When  we  come  to  treat  of  Arfenic  and  Mercury 
we  fhall  give  the  methods  of  feparating  Sulphur  en¬ 
tirely  from  thofe  metallic  fubftances. 


PROCESS  III. 

T o  extraft  Alum  from  aluminous  Minerals . 

TAKE  fuch  minerals  as  are  known  or  fufpe&ed 
to  contain  Alum.  Expofe  them  to  the  air, 
that  they  may  efflorelce.  If  they  remain  there  a 

year 
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year  without  any  fenfible  change,  calcine  them,  and 
then  leave  them  expofed  to  the  air,  till  a  bit  thereof 
being  put  on  the  tongue  imparts  an  aftringent  alu¬ 
minous  tafte. 

When  your  matters  are  thus  prepared,  put 
them  into  a  leaden  or  glafs  vefiel  ;  pour  upon  them 
thrice  their  weight  of  hot  water  ;  boil  the  liquor  ; 
filter  it  ;  and  repeat  thefe  operations  till  the  earth 
be  fo  edulcorated  that  the  water  which  comes  off  it 
hath  no  tafte.  Mix  all  thefe  folutions  together,  and 
let  them  Hand  four  and  twenty  hours,  that  the  crrofs 
and  earthy  parts  may  fettle  to  the  bottom  ;  or  elfe 
filter  the  liquor  :  then  evaporate  til i  it  will  bear  a 
new-laid  egg.  Now  let  it  cool,  and  ftand  quiet  four 
and  twenty  hours  :  in  that  time  fome  cryftals  will 
ihoot,  which  are  moft  commonly  vitriolic  ;  for 
Alum  is  rarely  obtained  by  the  firft  cryftallization. 
Remove  thefe  vitriolic  cryftals  :  if  any  cryftals  of 
Alum  be  found  amongft  them,  thefe  muft  be  dif- 
folved  anew,  and  fet  to  cryftallize  a  fécond  time  in 
order  to  their  purification  ;  becaufe  they  partake  of 
the  nature  as  well  as  of  the  colour  of  vitriol.  By 
this  method  extrad  all  the  Alum  that  the  liauor 
will  yield. 

If  you  get  no  cryftals  of  Alum  by  this  means, 
boil  your  liquor  again,  and  add  to  it  a  twentieth 
part  of  its  weight  of  a  ftrong  alkaline  lixivium,  or 
a  third  part  of  its  weight  of  putrefied  urine,  or  a 
fmall’quantity  of  quick-lime.  Experience  and  re¬ 
peated  trials  muft  teach  you  which  of  thefe  three 
ftibftances  is  to  be  preferred,  according  to  the  par¬ 
ticular  nature  of  the  mineral  on  which  you  are  to 
operate.  Keep  your  liquor  boiling,  and  if  there  be 
any  Alum  in  it,  there  will  appear  a  white  precipi¬ 
tate  :  in  that  cafe  let  it  cool  and  fettle.  When  the 
white  precipitate  is  entirely  fallen,  decant  the  clear, 
and  leave  the  cryftals  of  Alum  to  fhoot  at  leilure’ 
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till  the  liquor  will  yield  no  more  :  it  will  then  be 
exceeding  thick. 

OBSERVATIONS. 

Alum  is  obtained  from  lèverai  forts  of  Minerals. 
In  fome  parts  of  Italy,  and  in  fundry  other  places, 
it  effiorefces  naturally  on  the  furface  of  the  earth. 
There  it  is  fwept  together  with  brooms,  and  thrown 
into  pits  full  of  water.  This  water  is  impregnated 
therewith  till  it  can  diffolve  no  more.  Then  it  is 
filtered,  and  fet  to  evaporate  in  large  leaden  ve fiels  ; 
and  when  it  is  fufficiently  evaporated,  and  ready  to 
Ihoot  into  cryftais,  it  is  drawn  off  into  wooden  cool¬ 
ers,  and  there  left  for  the  fait  to  cryftallize. 

In  aluminous  foils  there  are  often  found  fprings 
ftrongly  impregnated  with  Alum  ;  fo  that  to  obtain 
it  the  water  need  only  be  evaporated. 

In  the  country  about  Rome  there  is  a  very  hard 
ftone,  which  is  hewn  out  of  the  quarry  juft  like 
other  Hones  for  building  :  this  ftone  yields  a  great 
deal  of  Alum.  In  order  to  extradf  it,  the  ftones 
are  calcined  for  twelve  or  fourteen  hours  ;  after 
which  they  are  expofed  to  the  air  in  heaps,  and  care¬ 
fully  watered  three  or  four  times  a  day  for  forty  days 
together.  In  that  time  they  begin  to  effiorefce,  and 
to  throw  out  a  reddifh  matter  on  their  furface.  Then 
they  are  boiled  in  water,  which  diflblves  all  the  Alum 
they  contain,  and  being  duly  evaporated  gives  it 
back  in  cryftais.  This  is  the  Alum  called  Roman 
Alum . 

Several  forts  of  Pyrites  alfo  yield  a  great  deal  of 
Alum.  The  Englifn  have  a  ftone  of  this  kind, 
which  in  colour  is  very  like  a  flate.  This  ftone  con¬ 
tains  much  Sulphur,  which  they  get  rid  of  by  roaft> 
ing  it.  After  this  they  fteep  the  calcined  ftone  in 
water,  which  diftblves  the  Alum  it  contains,  and  to 
this  folution  they  add  a  certain  quantity  of  a  lye 
made  of  the  alhes  of  fea-weeds. 
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The  Swedes  have  a  Pyrites  of  a  bright,  golden 
colour,  variegated  with  filver  fpots,  from  which 
they  procure  Sulphur,  Vitriol,  and  Alum.  They 
feparate  from  it  the  Sulphur  and  the  Vitriol  by  the 
methods  above  prefcribed.  When  the  liquor  which 
hath  yielded  Vitriol  is  become  thick,  and  no  more  vi¬ 
triolic  cryftals  fhoot  in  it,  they  add  an  eighth  part  of 
its  weight  of  putrefied  urine,  mixed  with  a  lye 
made  of  the  afhes  of  green  wood.  Upon  this 
there  appears  and  falls  to  the  bottom  a  copious  red 
fediment.  They  decant  the  liquor  from  this  preci¬ 
pitate,  and  when  it  is  duly  evaporated  find  it  fhoot 
into  beautiful  cryftals  of  Alum. 

What  hath  been  faid,  concerning  the  feveral  ma¬ 
trices  from  which  Alum  is  obtained,  fufficiently 
fhews  that  it  is  feldom  folitary  in  the  waters  with 
which  aluminous  fubjeéts  have  been  lixiviated.  It  is 
almoft  always  accompanied  with  a  certain  quantity 
of  Vitriol,  or  other  laline  mineral  matters,  which 
obftruct  its  cryftallization,  and  prevent  its  being 
pure.  ’Tis  with  a  view  to  free  it  from  thefe  mat¬ 
ters  that  the  waters  impregnated  with  Alum  are 
mixed  with  a  certain  quantity  of  the  lye  of  fome 
fixed  Alkali,  or  with  putrefied  urine,  which  con¬ 
tains  much  volatile  Alkali.  Thefe  Alkalis  have  the 
property  of  decompounding  all  the  Neutral  faits 
which  have  for  their  bafis  either  an  abforbent  earth 
or  a  metallic  fubftance  ^  and  fuch  as  have  a  metallic 
fubftance  for  their  bafis  more  readily  than  thofe 
whofe  bafis  is  an  earth.  Confequently,  if  they  are 
mixed  with  a  liquor  in  which  both  thefe  forts  of  faits 
are  diffolved,  they  muff  decompound  that  fort  whofe 
bafis  is  metallic  fooner  than  the  other  whofe  bafis  is 
an  earth.  This  is  what  comes  to  pafs  in  a  folution 
of  Alum  and  Vitriol.  The  metallic  part  of  the 
latter  is  feparated  from  its  acid  by  the  Alkalis  when 
mixed  with  that  folution  ;  and  his  this  metallic 
part,  which  is  generally  iron,  that  appears  in  the 
form  of  a  reddilh  precipitate,  as  above-mentioned. 

But 
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But  beCaufe  Alkalis  decompound  alfo  thofe  Neu¬ 
tral  faits  which  have  an  earth  for  their  bafis,  care 
muft  be  taken  that  too  much  thereof  be  not  added  -, 
elle  what  you  put  in,  more  than  is  neceflary  to  de¬ 
compound  the  vitriolic  faits  in  your  liquor,  will  at¬ 
tack  the  Alum,  and  decompound  it  likewife. 

The  Alkali  made  life  of  to  promote  the  cryftalli- 
zation  of  the  Alum  joins  with  the  Vitriolic  Acid 
which  had  dilfolved  the  fubftances  now  precipitated 
by  it,  and  therewith  forms  different  Neutral  faits  ac¬ 
cording  to  its  particular  nature.  If  the  Alkali  be  a 
lixivium  of  common  wood-alhes,  the  Neutral  fait  will 
be  a  vitriolated  Tartar  ;  if  a  lixivium  of  the  allies  of 
a  maritime  plant  like  Soda,  the  Neutral  fait  will  be  a 
Glauber’s  fait;  if  putrefied  urine,  the  Neutral  fait  will 
be  a  vitriolic  A  mmoniacal  fait.  Some  of  thefe  faits  in¬ 
corporate  with  the  A  lum,  which  in  large  works  cryftal- 
lizes  in  vaft  lumps  :  and  hence  it  comes  that  fome 
forts  of  Alum  v/hen  mixed  with  a  fixed  Alkali  fmell 
like  a  volatile  Alkali. 

The  cryftals  of  Alum  are  oftaedral,  that  is,  they 
are  folids  with  eight  fides.  Thefe  o&aedral  folids  are 
triangular  pyramids,  having  their  angles  cutaway,  fo 
'  that  four  of  their  furfaces  are  hexagons,  and  the 
other  four  triangles. 

Sulphur,  Vitriol,  and  Alum  are  the  three  princi¬ 
pal  lubjefts  in  which  we  certainly  know  that  the  uni- 
veriàl  or  Vitriolic  Acid  particularly  refides,  and 
from  which  we  extraft  it  when  we  want  to  have  it 
pure.  For  this  reafon  we  thought  it  proper,  be¬ 
fore  we  treated  of  the  extraction  of  this  Acid,  to 
ffiew  the  method  of  feparating  thofe  matters  them- 
felves  from  the  other  minerals  out  of  which  we  ob¬ 
tain  them. 

Moreover,  all  the  other  matrices,  in  which  the 
Vitriolic  Acid  is  moll  commonly  lodged,  may  be 
referred  to  one  or  other  of  the  matters  which  ferve 
as  bafes  to  thefe  three  minerals. 

.  To  Fulphur  we  may  refer  all  combinations  of  the 
Vitriolic  Acid  with  an  inflammable  matter  :  but  we 
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muft  take  care  not  to  confound  Sulphur  -with 
thofe  Bitumens  in  which  the  Vitriolic  Acid  may  be 
found  :  for  the  bafis  of  thofe  bitumens  is  a  real 
Oil  ;  whereas  the  bafis  of  Sulphur  is  the  pure  Phlo- 
gifton.  Yet  as  Oils  themfelves  contain  the  Phlogif- 
ton,  which  in  union  with  the  Vitriolic  Acid  forms  a 
true  Sulphur,  it  follows  that  fuch  bitumens  may  in 
a  certain  refpedt  be  claffed  with  Sulphur. 

The  fame  is  to  be  faid  of  Vitriol.  The  name  is 
ufually  given  to  fuch  combinations  only  as  are  form¬ 
ed  of  the  Vitriolic  Acid  with  Iron  or  Copper,  which 
make  the  green  and  blue  Vitriol  ;  and  to  a  third 
fpecies  of  Vitriol,  which  is  white,  and  has  Zinc  for 
its  bafis  :  but  as  the  Vitriolic  Acid  may,  by  particu¬ 
lar  combinations,  be  united  with  many  other  metal¬ 
lic  fubftances,  all  fuch  Metallic  Salts  muft  be  referred 
to  the  clafs  of  Vitriols. 

The  fame  may  alfo  be  faid  of  Alum,  which  is 
no  other  than  a  combination  of  the  Vitriolic  Acid 
with  a  particular  kind  of  abforbent  earth  ;  fo  that 
all  combinations  of  this  Acid  with  any  earth  what¬ 
ever  may  be  placed  in  the  fame  clafs. 

This  laft  clafs  of  mixts  is  the  moft  extenfive  of 
all  that  contain  the  Vitriolic  Acid  ;  becaufe  there  are 
a  vaft  many  earths,  all  differing  from  one  another, 
with  which  that  Acid  may  be  united.  Alum  pro¬ 
perly  fo  called,  the  Gypfums,  Talcs,  Selenites, 
Boles,  and  all  the  other  compounds  of  this  kind, 
differ  from  each  other  only  in  their  particular  earths. 

The  different  properties  of  thefe  earthy  faits  de¬ 
pend  on  the  nature  of  their  bafes.  Thofe  which 
are  of  the  aluminous  kind  retain  much  water  in  cryf- 
tallizing,  which  makes  them  very  foluble  in  water, 
and  gives  them  the  property  of  acquiring  readily 
the  aqueous  fluor  when  expofed  to  the  fire.  Thofe 
which  are  of  the  nature  of  the  Selenites  admit  but 
very  little  water  in  their  cryftals,  and  confequently 
are  almoft  infoluble  in  water  ;  nor  does  the  fire  give 
them  an  aqueous  fluor.  Laftly,  the  Gypfums  and 

Talc 


±1\  ËleMènts  of  the 

TalcS  are  ftill  more  deflitute  of  thefe  properties. 
The  natures  of  the  earths  in  theie  feveral  compounds 
are  hitherto  but  very  imperfectly  known,  and  may 
give  the  Chymifts  occafion  for  enquiries  equally  cu¬ 
rious  and  ufeful. 

The  Vitriolic  Acid  is  fometimes  found  compli¬ 
cated  with  a  fixed  alkaline  balls.  This  is  almoft  al¬ 
ways  the  Alkali  of  Sea-falt  ;  fo  that  the  compound  is 
a  Glauber’s  Salt.  Some  mineral  waters  are  impreg¬ 
nated  therewith  ;  which  happens  when  thefe  waters 
contain  Vitriol  or  Alum,  together  with  Sea-falt. 

From  the  principles  laid  down,  in  our  Elements  of 
the  Theory,  it  appears  that  the  Vitriolic  Acid  hath 
not  fo  great  an  affinity  with  earthy  and  metallic  fub- 
ftances  as  with  fixed  Alkalis  ;  and  alfo  that  it  is 
ftronger  than  the  Marine  Acid,  and  hath  a  greater 
affinity  with  fixed  Alkalis.  This  being  allowed, 
the  generation  of  native  Glauber’s  Salts  is  eafily 
accounted  for.  The  Acid  of  aluminous  or  Vitriolic 
faits  quits  the  earth  or  the  metal  with  which  it  was 
combined,  and  expelling  the  Acid  of  Sea-falt  unites 
with  its  bafis.  Warmth  greatly  promotes  thefe  de- 
compofitions. 

If  the  common  foffil  fait,  ufually  called  Sal  Gem , 
or  any  other  kind  of  Sea-falt,  ffiould  happen  to  be 
near  a  Vulcano  when  it  difcharges  flaming  Sul¬ 
phur,  as  is  frequently  the  cafe,  and  if  this  Sulphur 
fhould  run  among  the  Sea-falt,  a  Glauber’s  Salt 
would  inflantly  be  formed  in  that  place  ;  becaufe 
when  Sulphur  burns  its  Acid  is  feparated  and  fet  at 
liberty. 

Laflly,  if  aluminous  or  vitriolic  matters,  or  burn¬ 
ing  Sulphur,  ffiould  meet  with  the  affies  of  plants  or 
trees  confumed  by  fire,  a  vitriolated  Tartar  would 
be  formed,  becaufe  thefe  affies  contain  a  fixed  Al¬ 
kali  of  the  fame  nature  with  that  of  Tartar. 

The  Vitriolic  Acid  when  combined  with  an  earthy 
bafis  adheres  ftrongly  thereto  *  fo  that  the  force  of 

fire 
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fire  is  able  to  expell  very  little  or  none  of  it.  There 
is  no  way  of  feparating  it  from  fuch  a  bafis,  but  by 
prefenting  to  it  an  Alkaline  Salt,  with  which  it  will 
Unite  .  nor  is  it  ever  extracted  from  fuch  matters 
when  it  is  required  pure.  It  does  not  adhere  fo 
firmly  to  metallic  fubftances  ;  but  is  feparated  from 
them  by  the  force  of  fire  :  fo  that  it  may  be  obtain¬ 
ed  from  the  feverdl  forts  of  Vitriol,  it  is  ufually 
drawn  from  Green  Vitriol  ;  that  being  the  common- 
eft  fort. 

As  to  Sulphur,  the  Phlogifton  which  is  its  bafis 
being  the  fubftance  wherewith  the  Vitriolic  Acid 
hath  the  greateft  affinity,  it  would  be  altogether 
impoffible  to  decompose  it,  and  to  feparate  its 
Acid,  if  it  were  not  inflammable  ;  but  by  burning 
it  the  Phlogifton  is  deftroyed,  and  leaves  the  Acid  at 
liberty.  By  this  means  therefore  it  may  be  feparat¬ 
ed.  We  fhall  now  give  the  Procédés  for  extra£tin« 
the  Acid  from  Vitriol  and  Sulphur. 


PROCESS  IW 

To  extrait  the  Vitriolic  Acid  from  Green  Vitriol 

TAKE,  any  quantity  of  Green  Vitriol:  put  it 
in  an  unglazed  earthen  veflel,  and  heat  it 
gradually.  Vapours  will  foon  begin  to  rife.  Fncreafe 
the  file  a  little,  and  it  will  liquefy  by  means  of 
the  water  contained  in  it,  and  acquire  what  we  called 
an  aqueous  fluor.  Continue  the  calcination,  and  it  will 
become  lels  and  lets  fluid,  grow  thick,  and  turn  of  a 
greyifh  colour.  Now  raife  your  fire,  and  keep  it 
up  till  the  fait  recover  its  folidity,  acquire  an  orange 
colour,  and  begin  to  grow  red  where  it  immediate- 
ly  touches  the  fides  of  the  veffel.  Then  take  it  out, 
and  reduce  it  to  powder. 

Put  the  Vitriol  thus  calcined  and  pulverized  into 
a  good  earthen  retort,  of  which  one  half  at  leaft 
Vol.  L  muft 
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muft  remain  empty.  Set  the  retort  in  a  reverbera¬ 
tory  furnace  :  fit  thereto  a  large  glafs  receiver, 
and,  having  luted  the  joint  well,  give  fire  by  de¬ 
grees.  You  will  foon  fee  white  clouds  rife  into  the 
receiver,  which  will  render  it  opaque  and  heat  it. 
Continue  the  lame  degree  of  fire  till  thefe  clouds  dis¬ 
appear  :  they  will  be  fucceeded  by  a  liquor  which 
will  trickle  down  the  fides  of  the  receiver  in  veins. 
Still  keep  up  the  fire  to  the  fame  degree  as  long  as 
thele  veins  appear.  When  they  begin  to  abate,  en- 
creafe  the  fire,  and  pufii  it  to  the  utmoft  extremity  : 
upon  this  there  will  come  over  a  black,  thick  li¬ 
quor  :  it  will  even  be  found  congealed,  and  prove 
the  Icy  Oil  of  Vitriol,  if  care  hath  been  taken  to 
change  the  receiver,  keep  the  vefiels  perfectly  clofe, 
and  give  a  fufficient  degree  of  heat.  Proceed  thus 
till  nothing  more  comes  over,  or  at  leaf!:  very  little. 
Let  the  vefiels  cool,  unlute  them,  pour  the  contents 
of  the  receiver  into  a  bottle,  and  feal  it  hermetically. 

OB  S  E  R  V  A?  10  NS. 

Green  Vitriol  retains  much  water  in  cryftalliz- 
ing  ;  and  in  order  to  free  it  from  that  fuperfluous 
phlegm,  it  muft  be  calcined  before  you  diftill  it. 
Without  this  precaution  the  operation  will  be  ex¬ 
ceedingly  protracfted,  and  a  great  deal  of  time  waft¬ 
ed  in  ciiftilling  fuch  a  quantity  of  water  ;  which 
will  moreover  greatly  weaken  the  Acid  by  commix¬ 
ing  with  it,  unlefs  care  be  taken  to  change  the  reci¬ 
pient  as  foon  as  the  water  is  all  come  over. 

But  there  is  alfo  another  advantage  in  calcining 
the  Vitriol  before  you  put  it  into  the  retort  •  for 
otherwife  this  fait  would  melt  on  the  firft  application 
o*  heat>  and  run  into  a  mafs  ;  which  would  prove 
a  great  hindrance  to  its  diftillation.  This  inconve¬ 
nience  is  avoided  by  a  previous  calcination,  in  con- 
fequence  whereof  the  Vitriol  is  eafily  reduced  to  a 
powder  which  never  becomes  fluid. 


Vitriol 
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Vitriol  calcined  as  diredted  in  the  procefs  grows 
id  hard,  and  adheres  fo  firmly  to  the  vefifel  in  which 
the  calcination  is  performed,  that  it  requires  nofmall 
pains  to  feparate  and  pulverize  it.  Care  muft  be 
taken  to  put  it  into  the  retort  as  foon  as  it  is  pulve¬ 
rized,  and  to  flop  that  veftfel  very  clofe  if  you  do 
not  begin  the  did  illation  immediately  :  for  otherwife 
it  will  naturally  attract  from  the  air  almoft  all  the 
moifture  it  hath  loft. 

The  Acid  which  Vitriol  yields  by  diftillation  is 
fulphureous  ;  probably  becaufe  it  ftill  retains  fome  of 
the  Phlogifton,  with  which  it  Was  united  when  under 
the  form  of  Sulphur  in  the  Pyrites  ;  or  elfe  hath 
laid  hold  on  a  portion  of  that  belonging  to  the  iron 
which  ferved  for  its  bafis  in  Vitriol.  But  this  ful¬ 
phureous  part  is  volatile,  and  flies  off  in  time. 

This  decompofition  of  Vitriol  in  clofe  vefifels  is  a 
difficult  and  laborious  procefs.  To  carry  the  opera¬ 
tion  to  its  utmoft  perfection  requires  a  fire  of  extreme 
violence,  kept  up  without  intermiflion  during  four 
or  five  days  ;  fuch  in  ftiort  as  few  veftels  are  able  to 
bear.  Cf  courfe  this  operation  is  feldom  performed 
in  laboratories.  The  French  Chymifts  fetch  their  Oil 
of  Vitriol  from  Holland,  where  it  is  extradled  from 
Vitriol  in  large  quantities,  by  means  of  furnaces 
eredted  for  the  purpofe,  in  which  many  retorts  are 
employed  at  once. 

In  the  Memoirs  of  the  Academy  of  Sciences  M. 
Hellot  hath  given  us  the  moil  material  circumftances 
of  a  very  fine  experiment  of  this  kind,  in  which  he 
pufhed  the  diftillation  of  Green  Vitriol  to  the  utmoft. 
Into  a  German  retort  *  he  put  fix  pounds  of  Green 
Englifh  Vitriol  calcined  to  rednefs,  which  he  ex- 
poied  to  a  fire  of  the  extreme!!  violence,  conftantly 
kept  up  during  four  days  and  four  nights.  At  the 
expiration  of  that;  time  he  found  in  the  veftels  em- 

2  ployed 


#  They  are  much  the  bell,  and  bear  a  very  fierce  heaî. 
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ployed  as  receivers  an  Icy  Oil  of  Vitriol,  which  was 
altogether  in  a  cryftalline  form  and  black.  The  pre¬ 
cautions  neceffary  to  make  this  experiment  fucceed 
he  reprefents  in  the  following  terms. 

44  1  he  fuccefs  of  this  operation,  which  produces 
84  an  Oil  of  Vitriol  perfectly  Icy  and  without  any 
f4  liquor,  depends  on  the  care  taken  to  prevent  the 
f4  acid  vapours,  driven  by  the  fire  out  of  Vitriol 
44  calcined  to  red  nefs,  from  having  any  communi- 
44  cation  with  the  external  air  while  they  are  diftil- 
44  ling  :  for  other  wife  they  will  attrad  from  it 
gc  a  moifture  which  will  keep  them  fluid  in  the  re- 
44  ceiver.  The  receiver  mu  ft  be  at  fuch  a  diftance 
44  from  the  furnace  that  it  may  remain  cool  enough 
46  for  the  vapours  to  condenfe  in  it.  There  muft 
44  alfo  be  fufficient  room  for  thole  vapours  to  circu- 
64  late  in,  and  to  prevent  the  fulphureous  explofions, 
44  which  are  every  now  and  then  difcharged  out  of 
44  the  retort,  from  burfting  the  veffels  :  for  though 
44  the  previous  calcination  of  the  Vitriol  hath  car- 
44  ried  off  the  moft  volatile,  yet  there  ftill  remains 
44  enough  of  the  inflammable  principle,,  even  in 
44  the  iron  itfelf,  to  form  a  Sulphur  with  the  Acid 
64  as  it  is  extricated,  or  at  leaft  a  mixt  that  would 
64  be  as  apt  to  take  fire  as  common  Sulphur,  if  it 
44  were  not  over-dofed  with  the  Acid. 

<€  As  the  beft  means  of  gaining  thefeends  M. 
44  Hellot  contrived  to  adapt  to  the  neck  of  his  re- 
44  tort  a  receiver  with  two  necks,  the  lowermoft  of 
44  which  was  inferted  into  a  large  ballon.  Receivers 
44  applied  to  each  other  in  this  manner  are  called 
41  Adopters. 

44  Iris  no  eafy  matter  to  get  this  Icy  Oil  out  of 
44  the  ballon  :  for  as  foon  as  the  air  touches  it  fuch 
44  a  thick  cloud  of  fulphureous  fumes  arifes,  that 
44  it  is  abfolutely  neceffary  to  place  the  veffel  on 
44  fomefhelf  over  head,  becaufe  aman  cannot  ftand 
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cxpofed  thereto  for  a  Angle  minute  without  being 
“  fuffocated.” 

This  Icy  Acid  muft  be  fhut  up  with  all  pofTible  ex¬ 
pedition  in  a  cryftal  bottle  accuratelyclofedwithaglafs 
ftopple,  which  fhould  be  rubbed  v/ith  emery  in  its  neck 
fo  as  to  fit  it  exadly  :  for  it  attracts  the  moifture  of 
the  air  fo  powerfully  that  unlefs  exceeding  great  care 
be  taken  to  prevent  ail  communication  with  the  ex¬ 
ternal  air  it  will  foon  difiolve  into  a  fluid. 

“  The  Icy  Oil  is  black  ;  becaufe  the  acid  vapours 
cc  carry  over  with  them  fomewhat  of  a  greafy  mat- 
<c  ter,  from  which  Vitriol  is  feldom  free,  and  which 
“  always  appears,  after  repeated  folutions  and  cryf- 
cc  tallizations  of  this  Salt,  in  the  mother- water 
<c  which  will  fhoot  no  more.  Now  the  fmalleft 
“  portion  of  inflammable  matter  prefently  blackens 
ct  the  moil  highly  redified  Oil  of  Vitriol,  which  is 
perfedly  clear. 

tc  The  Vitriolic  Acid,  when  forced  over  by  a  vio- 
cc  lent  heat,  carries  along  withitfome  ferruginous  par- 
“  tides  alfo,  that  want  nothing  but  to  be  united  with 
tc  a  Phlogifton  to  become  true  iron.  They  are  ea- 
<c  fily  difcovered,  either  in  the  common  black  Oil 
cc  of  Vitriol,  or  in  the  blackifh  cryllals  of  the  Icy 
<c  Oil,  by  only  diffolving  them  in  a  large  quantity 
cc  of  diftilled  water  :  for  after  feven  or  eight  days 
digeftion  a  light  powder  or  downy  fediment  preci- 
£C  pitates,  which  being  calcined  in  a  violent  fire  is 
“  partly  attraded  by  the  magnet  ;  and  being  again 
“  calcined  with  bees-wax  becomes  almoft  entirely 
“  iron.55 

The  Caput  mortuumoi  this  diftillation  of  Vitriol 
is  the  ferruginous  earth  of  this  Salt,  and  is  called 
Colcothar.  When  this  Colcothar  hath  undergone  a 
violent  fire,  as  in  the  experiment  now  related,  fcarce 
any  Acid  remains  therein.  Out  of  fix  pounds  of 
Vitriol  that  M.  Hellot  ufed,  he  could  recover  no 
more,  by  lixiviating  what  was  left  in  the  retort, 
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than  two  ounces  of  a  Vitriolic  Salt  ;  and  even  that 
was  very  earthy. 

If  Vitriol  be  expofed  to  a  fire  neither  fo  violent 
nor  fo  long  continued,  its  Colcothar  will  yield  a 
greater  quantity  of  Vitriol  that  hath  not  been  de- 
compofed.  A  white  cryftalline  fait  is  alfo  obtained 
from  it,  and  called  Salt  of  Colcothar  \  which  is  no 
other  than  the  fmall  portion  of  Alum  ufually  con¬ 
tained  in  Vitriol,  and  not  lb  eafily  decompofed  by 
the  adtion  of  fire. 


PROCESS  V. 


fo  decompofe  Sulphur ,  and  extract  its  Acid ,  by  burn¬ 
ing  it . 

T'AKE  any  quantity  of  the  pureft  Sulphur  :  fill 
therewith  a  crucible  or  other  earthen  difh  ; 
heat  it  till  it  melts  :  then  fet  it  on  fire,  and  when  its 
whole  furface  is  lighted  place  it  under  a  large  glafs 
head,  fo  that  the  flame  of  the  Sulphur  do  not  touch 
either  its  fides  or  bottom  ;  that  the  air  have  free 
accefs,  in  order  to  make  the  Sulphur  burn  clear , 
that  the  head  incline  a  little  toward  the  fide  on 
which  its  beak  is,  that  as  the  vapours  condenfe 
therein  the  liquor  may  run  off  with  eafe.  To  the 
beak  of  this  veffiel  fit  a  receiver  :  the  fumes  of  the 
lighted  Sulphur  will  be  condenfed,  and  gather  into 
drops  in  the  head,  out  of  which  they  will  run  into 
the  receiver.  There,  when  the  Sulphur  has  done 
burning,  you  will  find  an  Acid  liquor,  which  is  the 
Spirit  of  Sulphur. 

OBS  ERVATIO  NS. 

In  the  burning  of  Sulphur,  the  Phlogifton  which 
Jerves  for  its  balls  is  diffipated,  and  feparated  from 
the  Acid  which  is  left  at  liberty.  The  acid  fumes 
which  rile  from  the  lighted  fulphur  flrike  againft  the 

infide 
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mfideof  the  head  placed  over  it,  are  there  condenfed, 
and  appear  in  the  form  of  a  liquor.  But  as  Sulphur, 
like  all  other  inflammable  bodies.  Nitre  excepted, 
will  not  burn  in  clofe  veflels,  it  is  neceflary  that  the 
air  be  freely  admitted  here  ;  which  occafions  the  lofs 
of  a  great  deal  of  the  Acid  of  the  Sulphur,  as  is  e- 
vident  from  the  pungent  fuffbeating  fmell  perceived 
in  the  laboratory  during  the  operation. 

This  Acid,  while  combined  with  the  Phlogiffon, 
is  incapable  of  contradting  any  union  with  water;  but 
when  alone  is  very  apt  to  mix  therewith  :  it  is  even 
proper  to  put  fome  in  its  way,  that  it  may  incorporate 
therewith  as  foon  as  it  is  difeharged  from  the  Sul¬ 
phur  ;  for  it  is  then  very  free  from  phlegm,  very 
volatile,  and  confequently  very  little  difpofed  to  con- 
denfe  into  a  liquor,  but  on  the  contrary  very  apt  to 
fly  off*  in  vapours.  The  water,  which  it  imbibes 
with  a  kind  of  avidity,  fixes  and  detains  it  ;  fo  that 
by  this  means  a  much  greater  quantity  thereof  is 
obtained  from  Sulphur,  than  if  it  were  diftilled 
without  this  precaution. 

It  is  proper  therefore  now  and  then  to  introduce  a 
difh  full  of  hot  water  under  the  head  which  receives 
the  fumes  of  the  Sulphur.  The  vapours  that  ex¬ 
hale  from  the  water  bedew  the  infide  of  the  head, 
and  procure  the  advantage  we  are  .fpeaking  of. 

The  fame  thing  may  be  effedted  feveral  other 
ways  :  thus,  the  crucible  containing  the  Sulphur 
may  be  let  on  a  foot  placed  in  an  earthen  difh  with 
fome  water  in  it  ;  which  however  muff  not  rife  above 
the  foot  ;  for  if  it  fhould  reach  the  crucible,  it  might 
cool  and  fix  the  fulphur.  The  difli  thus  prepared 
muff  be  placed  on  a  fand-bath  hot  enough  to  make 
the  water  fmoke  continually  ;  and  over  all  is  to  be 
placed  the  head  as  directed  in  the  procefs. 

The  fize  and  form  of  the  veflfel  which  immediate¬ 
ly  receives  the  fulphureous  fumes  may  alfo  contri- 
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bute  to  increafe  the  quantity  of  the  Acid  Spirit.  A 
very  large  veil'd,  with  a  hole  at  bottom  no  wider 
than  is  juft  fufficient  to  admit  the  vapours,  is  the 
propereft  for  this  operation. 

After  the  Sulphur  has  burnt  for  lame  time,  it 
often  happens  _  that  a  fort  of  Ikin  or  cruft  forms  on 
itsiurface,  which  is  not  inflammable,  but  gradually 
ieffens  the  quantity  and  vigour  of  the  flame  as  it  in- 
creaies  in  thicknels,  and  at  laft  puts  it  quite  out, 
1  his  cruft  proceeds  from  the  impurities,  and  hete¬ 
rogeneous  uninflammable  particles  contained  in  the 

fulphur.  Care  muft  be  taken  to  remove  it  w:th 
an  jron  wire  as  fall  as  it  forms. 

i  wo  quantities  of  .Sulphur  may  alfo  be  kept  in 

two  crucibles,  and  heated  alternately.  That  in 

which  the  Sulphur  is  hot  and  melted  may  be  fubfti- 

tiued  for  the  other  in  which  the  Sulphur  is  grown 

cold  and  fixed  ;  becaufe  cold  Sulphur  does  not 
burn  well. 

The  Spirit  of  Sulphur  is  at  firft  pungent  and  vo- 

.jfca,-,!e  ,t:  ftl!1  retains  a  fmall  portion  of  the 
Vhiogifton  :  but  that  fuiphureous  part  flies  off,  es¬ 
pecially  if  the  bottle  in  which  the  Spirit  is  kept  be 
ler.t  xor  fome  time  tin  flopped. 

The  Acid  obtained  from  Sulphur  appears  by  all 
chymical  proofs  perfedly  like  that  obtained  from 
vitriol  :  they  differ  in  this  only  that  the  former  is 
tne  pureft  ;  for  the  Acid  obtained  from  Vitriol  car¬ 
ries  over  with  it  fome  metallic  parts,  as  we  obferved 

jefore,  which  can  never  happen  to  that  obtained  from 
Sulphur. 

If  hnnen  rags  dipped  in  a  fdlution  of  Fixed  Al- 
kah  be  expoied  to  the  fumes  of  burning  brimllone, 
t.ne  Spirit  of  Sulphur  joins  with  the  Alkali,  and 
therewith  forms  a  Variolated  Tartar,  This  Salt  is 
Known  to  be  formed  when  the  rags  grow  ftiff,  and 
appear  fpangled  with  a  vaft  many  glittering  points, 

which 
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which  are  nothing  but  little  cryftals  of  the  Salt  we 
are  fpeaking  of. 

When  the  Sulphur  burns  very  gently  and  (lowly 
the  Spirit  that  exhales  from  it  is  fo  much  the  more 
fulphureous  and  volatile  :  and  hence  the  Salt  formed 
by  the  combination  of  this  Spirit  with  the  Alkali 
expofed  to  it  in  linnen  rags,  as  in  the  above-menti¬ 
oned  experiment,  is  not  at  firft  a  Vitriolated  Tartar  ; 
but  a  Neutral  Salt  of  a  particular  kind,  which  is 
capable  of  being  decompofed  by  any  other  Mineral 
Acid,  the  fulphureous  Acid  having  lefs  affinity  than 
any  of  the  reft  with  Alkalis.  Neverthelefs  this  Salt 
becomes  in  time  a  true  Vitriolated  Tartar,  becaufe 
the  fulphureous  part  which  weakened  its  Acid  eafily 
quits  it  and  flies  off. 


PROCESS  VI. 

To  concentrate  the  Vitriolic  Acid. 

rrAAKE  the  Vitriolic  Acid  you  intend  to  concen- 
JL  trate,  that  is,  to  dephlegmate  and  make 
ftronger  :  pour  it  into  a  good  glafs  retort,  of  fuch  a 
fize  that  your  quantity  of  Acid  may  but  half  fill  it  : 
fet  this  retort  in  the  fand-bath  of  a  reverberating 
furnace  :  fit  to  it  a  receiver  :  lute  it  on,  and  give  a 
gradual  fire.  1  here  will  come  over  into  the  recei¬ 
ver  a  clear  liquor,  the  firft  drops  of  which  will  be 
but  faintly  Acid  :  this  is  the  moft  aqueous  part. 

When  the  drops  begin  to  follow  one  another  much 
more  (lowly,  raife  your  fire,  till  the  liquor  begin  to 
bubble  a  little  in  the  middle.  Keep  it  thus  gently 
boiling,  till  one  half  or  two  thirds  thereof  be  come 
over  into  the  receiver.  Then  let  your  veffels  cool  ; 
unlute  them  ;  what  remains  in  the  retort  pour  into 
a  cryftal  bottle,  and  flop  it  exactly  with  a  glafs 
ftopple  rubbed  with  emery. 


O  B  S  E  R- 
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OBSERVATIONS, 

*1  he  Acid  obtained  from  Sulphur  is  generally 
very  aqueous  ;  either  becaufe  in  preparing  it  water 
muft  neceifariiy  be  adminiftered,  that  it  may  unite 
therewith  as  it  feparates  from  the  Sulphur  ;  or  be¬ 
came  it  is  fo  greedy  of  moifture  as  to  attradl  a  great 
deal  from  the  air,  which  muft  needs  be  admitted  to 
make  the  Sulphur  burn. 

The  Acid  obtained  from  Vitriol,  excepting  that 
which  rifes  laft,  is  alfo  mixed  with  a  pretty  confide- 
rable  quantity  of  phlegm  ;  becaufe  the  Vitriol, 
though  calcined,  ftill  retains  a  great  deal  thereof, 
which  rifes  with  the  Acid  in  diftillation.  Now,  as’ 
there  are  many  chymical  experiments  that  will  not 
fucceed  without  Acids  exceedingly  dephlegmated, 
it  is  proper  to  have  in  a  laboratory  all  the  Acids 
thus  conditioned  -,  becaufe,  if  they  happen  to  be 
too  ftrong  for  particular  operations,  as  is  fometimes 
the  cafe,  it  is  very  eafy  to  lower  them  to  the  defired 
degree,  by  adding  a  fufficient  quantity  of  water. 

The  Vitriolic  Acid  is  much  heavier  and  much  lefs 
volatile  than  water.  If  therefore  a  mixture  of  thefe 
two  liquors  be  expofed  to  the  fire,  the  aqueous  part 
will  rife  with  a  degree  of  heat  which  is  not  able  to 
carry  up  the  Acid  :  by  this  means  they  may  be  fe- 
parated  from  each  other  ;  and  thus  is  the  Vitriolic 
Acid  concentrated. 

Neverthelefs,  as  this  Acid  combines  moft  clofely 
with  water,  and  is  in  a  manner  ftrongly  connected 
with  it,  the  water  carries  upfome  portion  thereof  along 
with  it  ;  and  hences  it  comes  that  the  liquor  which 
rifes  into  the  receiver  is  Amid  :  it  is  called  Spirit  of 
Vitriol. 

As  the  fire  carries  off  the  moft  aqueous  part, 
the  other  which  remains  in  the  retort  increafes  in 
fpecific  gravity.  The  Acid  particles  are  brought 
nearer  together,  retain  the  aqueous  particles  more 

obfti- 
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obftinately,  and  therefore  to  feparate  them  the  de¬ 
gree  of  heat  mu  ft  be  increafed. 

It  is  ufual  to  draw  off  one  half  or  two  thirds  of 
the  liquor  that  was  put  into  the  retort  :  but  this  de¬ 
pends  on  the  degree  of  ftrength  the  Acid  was  of  be¬ 
fore  concentration,  and  the  degree  of  concentration 
intended  to  be  given  it. 

If  the  Acid  to  be  concentrated  be  Oil  of  Vitriol, 
from  being  brown  or  black  it  grows  clearer  as  the 
operation  advances,  and  at  laft  becomes  perledtly 
colourlefs  and  tranfparent  ;  becaufe  the  fat  matter, 
which  tinged  it  black,  is  diftipated  during  the  pro- 
cefs.  Some  of  it  depofites  a  white  cryftalline  earth. 

A  fulphureous  fmell  is  generally  perceived  about 
the  veffels  in  this  operation.  This  arifes  from  a 
fmall  portion  of  the  Phlogifton  from  which  the 
Acid  is  not  free  -,  and  5tis  this  inflammable  matter 
which  gives  the  Oil  of  Vitriol  its  black  colour  :  for 
the  cleared  and  beft  rectified  Oil  of  Vitriol  will  be¬ 
come  brown,  and  even  black,  in  a  fhort  time,  if  any 
inflammable  matter,  though  in  a  very  fmall  quanti¬ 
ty,  be  diflfolved  therein. 

The  veffels  are  luted  in  this  operation,  to  prevent 
any  lofs  of  the  Spirit  of  Vitriol,  which  being  very 
acid  is  of  nfe  in  many  chymical  experiments,  and 
may  itfelf  alfo  be  again  concentrated. 

We  pbferved  that  in  this  operation  it  is  necefifary 
the  retort  fhould  be  of  very  good  glafs.  Indeed  the 
Acid  is  fo  adtive  and  fo  ftrong,  that,  if  the  glafs  be 
tender  and  have  a  little  too  much  fait  in  its  compo- 
fl tion,  it  will  be  fo  corroded  thereby  that  it  will  fall 
to  pieces. 

Though  we  directed  the  retort  to  be  fet  in  a  fand- 
bath  for  this  operation,  it  does  not  follow  that  it 
may  not  alfo  be  placed  in  a  naked  fre  :  on  the  con¬ 
trary,  when  the  heat  is  not  conveyed  through  a  bath 
the  operation  advances  fafter,  and  is  much  lefs  te¬ 
dious.  But  then  great  caution  mu  ft  be  ufed,  and 

the 
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^he  clofeft  attention  given  to  the  management  of 
£he  file,  which  muft  be  railed  by  almofl  impercep¬ 
tible  degrees,  efpeciahy  at  the  beginning  of  the  ope¬ 
ration  ;  otherwife  it  is  next  to  a  certainty  that  the 
vefièls  will  break.  In  general,  a  naked  fire  may  be 
employed  in  almo ft  all  drftiilations1  which  requires 
gi eater  degree  or  heat  than  that  of  boiling  water, 
oi  the  balneum  mari rc  .*  the  operation  will  be  iooner 
finifhed  ;  but  it  requires  an  experienced  hand,  that 
has  by  pradtice  acquired  a  habit  of  governing:  the 
tire  with  judgment. 

There  is  moreover  another  advantage  in  not  u fin» 
the  fand- bath  *  which  is,  that  if  in  the  time  of  the 
operation  you  perceive  the  fire  too  fierce,  you  can 
quickly  check  it,  either  by  flopping  clofe  all  the 
apertures  of  the  furnace,  or  by  drawing  out  all  or 
part  of  the  lighted  coals.  1  his  inconvenience 
is  not  near  fo  eafily  remedied  when  you  ufè  the 
fand -bath  ;  becauie  when  once  heated,  it  retains 

its.  heat  very  long  after  the  fire  is.  quite  extin- 
mi  iflaed. 


PROCESS  VII. 


fo  decompofe  Vitriolât ed  Tartar  by  means  of  the  Phlo - 
gift  on  ;  or  to  compofe  Sulphur ,  by  combining  the  Vi¬ 
triolic  Acid  with  the  Phlogifton. 

TAKE  equal  parts  of  Vitriolated, Tartar,  and 
very  dry  Salt  of  1  artar,  feparately  reduced 
to  pow dei  ,  add  an  eighth  part  of  their  weight  of 
charcoal-dun.  ,  ano  mix  the  whole  together  very 
accurately.  Throw  this  mixture  into  a  red  hot 
ci liable,  placed  in  a  furnace  filled  with  burning 
coals.  Cover  it  very  clofe,  and  keep  it  very  hot, 
till  the  mix l ure  melt,  which,  may  be  known  by  un¬ 
covering  the  crucible  from  time  to  time.  There 

will 
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will  then  appear  a  blueifli  flame,  accompanied  with 
a  pungent  lmell  of  Sulphur. 

Take  the  crucible  out  of  the  fiie  :  diffolve  its 
contents  in  hot  water  :  filter  the  folution  through 
brown  paper  fupported  by  a  glafs  funnel  :  drop  in¬ 
to  the  filtered  liquor  by  little  and  little  any  Add 
whatever.  As  you  add  the  Acid  the  liquor  wiil  »row 
more  and  more  turbid,  and  let  fall  a  grey  precipi¬ 
tate.  Continue  dropping  in  more  Acid  till  the  li¬ 
quor  will  yield  no  more  precipitate.  Filter  it  a  fé¬ 
cond  time,  to  feparate  it  from  the  precipitate  :  what 
remains  on  the  filter  is  a  true  inflammable  Sulphur, 
which  you  may  either  melt  or  fublime  into  flowers/ 

O  B  S  E  R  RATIONS. 

All  bodies  that  contain  the  Vitriolic  Acid  may 
contribute,  as  well  as  Vitriolated  Tartar,  to  the  ge¬ 
neration  of  Sulphur  :  fo  that  all  the  neutral  Salts 
in  which  this  Acid  is  a  principle,  the  Alums,  Sele- 
nites.  Gyp fums,  Vitriols,  may  be  fubftituted  for  it 
in  this  experiment.  All  thefe  matters,  with  the 
addition  of  charcoal-duff  only,  being  fufed  in  a 
crucible,  conflantly  produce  Sulphur  ;  becaufe  the 
Vitriolic  Acid  having  a  greater  affinity  with  the 
Phlogiffon  than  with  any  thing  elfe,  will  quit  its  ba- 
fis,  whatever  it  be,  to  join  v/ith  the  Phlogiffon  of 
the  charcoal,  and  therewith  form  a  Sulphur. 

The  fixed  Alkali  added  thereto  helps  to  promote 
the  fufion  of  the  ingredients,  which  is  neceffary  for 
effedting  the  defired  combination.  It  alfo  ferves  to 
unite  with  the  Sulphur,  when  formed  ;  and  thus 
makes  the  combination  called  Liver  of  Sulphur , 
which  prevents  the  Sulphur  from  being  confumed  as 
foon  as  formed  :  for  the  fixed  Alkalis,  which  are  in- 
combuftible,  hinder  Sulphur  from  burning  fo  eafily 
as  it  would  do  if  they  were  not  joined  with  it. 
They  may  afterv/ards  be  feparated  from  each  other, 
by  the  means  of  any  Acid  whatever. 


Thk 
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This  procefs,  in  which  Sulphur  is  regenerated* 
by  re-combining  together  the  principles  of  which 
it  was  originally  compofed,  is  one  of  the  moil  beau¬ 
tiful  experiments  that  modern  Chymiftry  hath 
produced.  We  are  indebted  for  it  to  M.  Stahl  ;  and 
Dodtor  Geoffroy  hath  given  a  particular  account  of 
it  in  the  Memoirs  of  the  Academy  of  Sciences. 

Before  thefe  gentlemen  Glauber  and  Boyle  had 
indeed  published  methods  of  producing  Sulphur. 
Glauber  made  ufe  of  his  Sal  ?nirabile  and  powdered 
charcoal  :  Boyle  employed  the  Vitriolic  Acid  and 
Oil  of  Turpentine.  But  neither  of  thofe  Chymiils 
underflood  the  true  theory  of  their  operations  :  they 
did  not  thoroughly  know  the  principles  of  Sulphur  : 
they  did  not  imagine  they  had  compofed  Sulphur  ; 
they  thought  they  only  extracted  what  they  fuppof- 
ed  to  exift  previoufly  in  the  matters  they  employed 
in  their  experiments. 

M.  Stahl  was  the  ftrfl  who  difcovered  and  explain¬ 
ed  the  nature  of  Sulphur,  and  proved  that  in  Glau¬ 
ber’s  and  Boyle’s  experiments  Sulphur  was  adtually 
produced,  by  uniting  together  the  principles  of 
which  it  is  conilituted.  This  beautiful  experiment 
gives  the  ilrongeil  luilre  of  evidence  to  the  theory 
of  the  compofition  of  that  mixt  ,  which  adls  fuch 
a  capital  part  in  Chymiftry  ;  and  it  can  no  longer 
be  doubted  that  Sulphur  is  adlually  a  combination 
of  the  Vitriolic  Acid  with  the  Phlogiflon. 

Befides  this  important  truth,  our  procefs  for  com- 
pofing  Sulphur  by  art  proves  feveral  others  that  are 
equally  effential  and  fundamental. 

The  firft  is  that  the  Vitriolic  Acid  hath  a  greater 
affinity  with  the  Phlogiflon  than  with  any  other 
thing,  feeing  it  quits  metallic  and  earthy  fubftances,  as 
well  as  Alkaline  laits,  in  order  to  combine  therewith. 

The  fécond  is  that  Sulphur  combines  with  fixed 
Alkalis  without  buffering  any  decompofition  ;  feeing 

it 
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it  may  be  feparated  from  them  entire  and  unaltered  *, 
and  feeing  that  very  Sulphur,  which  is  naturally  in- 
diffoluble  in  water,  is  rendered  foluble  therein  b7 
the  union  it  hath  contracted  with  the  fixed  Alkali. 

The  third  is  that  the  Vitriolic  Acid,  which  when 
it  is  pure  hath  the  greatest  affinity  with  Alkalis  of 
any  Acid  whatever,  lofes  a  great  deal  of  that  affi¬ 
nity  by  contracting  an  union  with  the  Phlogifton  ; 
feeing  the  weakeft  Acids  are  capable  of  decompofing 
the  Liver  of  Sulphur,  and  feparating  the  Sulphur 
from  the  Alkali.  And  this  alfo  confirms  one  of  the 
general  propofitions  concerning  affinities  advanced  in 
our  theory  ;  to  wir,  that  the  affinities  of  compound 
or  mixed  fubftances  are  weaker  than  thofe  of  the 
fame  fubftances  in  a  purer  or  more  fimple  Hate. 


CHAP.  IL 

Of  the  Nitrous  Acid. 


PROCESS  I. 

To  extratf  Nitre  out  of  nitrous  Earths  and  Stones. 
The  Purification  of  Salt  Petre .  Mother  of  Nitre . 
Magnefia . 

TAKE  any  quantity  of  nitrous  earths  or  tones  ; 

reduce  them  to  powder  ;  and  therewith  mix 
a  third  part  of  the  afhes  of  green-wood  and  quick¬ 
lime.  Put  this  mixture  into  a  barrel  or  vat,  and 
pour  on  it  hot  water  to  about  twice  the  weight  of 
the  whole  mafs.  Let  it  Hand  thus  for  twenty  four 
hours,  ftirring  it  from  time  to  time  with  a  flick. 
Then  filter  the  liquor  through  brown  paper,  or  pafs 
it  through  a  flannel  bag,  till  it  come  clear  :  it  will 
then  have  a  yellowifh  colour.  Boil  this  liquor,  and 
evaporate  till  you  perceive  that  a  drop  of  it  let  fall 

on 
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on  any  cold  body  coagulates.  Then  flop  the  eva¬ 
poration,  and  let  your  liquor  in  a  cool  place.  In 
the  (pace  of  four  and  twenty  hours  crystals  will 
be  formed  in  it,  the  figure  of  which  is  that  of 
an  hexagonal  prifm,  having  its  oppofite  planes  ge¬ 
nerally  equal,  and  terminated  at  each  extremity  V 
a  pyramid  of  the  fame  number  of  fides.  Thefe 
cryLals  will  be  of  a  brownifh  colour,  and  deflagrate 

Decant  the  liquor  from  thefe  cryftals  ;  mix  it  with 
twice  its  weight  of  hot  water  ;  evaporate  and  cryf- 
tallize  as  before.  Repeat  the  fame  operation  till  the 
liquor  wnl  yield  no  more  cryftals  :  it  will  then  be 
very  thick,  and  goes  by  the  name  of  Mother  of  Nitre. 

OBSER  V  AT  I O  N  S. 

Earths  and  ftones  that  have  been  impregnated 

with  animal  or  vegetable  juices  fufceptible  of  pu- 

ti  tfadhon,  and  have  been  long  expofed  to  the  air 

out  file  I  te  red  from  the  fun  and  rain,  are  thofe  which 

y.eL  t  e  greateft  quantity  of  Nitre.  But  all  forts 

ot  earths  and  (tones  are  not  equally  fit  to  produce  it 

Tone  is  ever  found  in  flints  or  fandsof  a  ‘cryftalline 
nature.  ;  uc 

Some  earths  and  ftones  abound  fo  with  Nitre 
îaac  it  effiordces  fpontaneoufly  on  their  furface,  in 

f°r™  f  a  cryftalhne  down.  This  Nitre  may 
bu  collefteci  with  brooms,  and  accordingly  has  the 

bnrg,uf itZLSwee^s- some  °f  * 

.  Hid?ert0  we  are  much  in  the  dark  as  to  the  ori¬ 
gin  and  generation  of  Nitre.  Some  Chymifts  pre¬ 
tend  that  the  Nitrous  Acid  is  diffufed  throualdthe 

deP°flted  1,1  fuch  earths  andftones 
as  are  qualified  to  receive  it. 

Others,  confidering  that  none  of  it  is  ever  ob¬ 
tained  but  from  earths  that  have  been  impregnated 
w,,h  vegetable  or  animal  jtfos,  have  K 

concluded 
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Concluded  thofe  two  kingdoms  to  be  the  general 
repofitories  of  the  Nitrous  Acid  ;  that  if  we  do  not 
perceive  it  to  exift  in  fuch  matters  at  all,  or  at  lead 
in  any  great  quantity,  till  they  have  undergone  pu¬ 
trefadion,  and  are  in  fome  meafure  incorporated 
with  fuitable  earths  and  ftones,  dis  becaufe  the  Acid 
is  fo  entangled  with  heterogeneous  particles  that  it 
requires  the  affiftance  of  putrefadion,  and  much 
more  of  filtration  through  an  earth,  to  difengage  it, 
and  enable  it  to  appear  in  its  proper  nature. 

Laftly,  others  are  of  opinion  that  this  Acid  is  no 
other  than  the  univerfal  or  Vitriolic  Acid  -,  difguifed 
indeed  by  a  portion  of  the  Phlogifton,  which  is  com¬ 
bined  with  it  in  a  peculiar  manner  by  the  means  of 
putrefadion.  They  ground  this  opinion  chiefly 
on  the  analogy  or  refemblance  which  they  find  be¬ 
tween  the  Nitrous  Acid  and  the  Volatile  Sulphure¬ 
ous  Spirit.  Its  volatility,  its  pungent  fmeil,  its 
properties  of  taking  fire,  and  of  deftroying  the  blue 
and  violet  colours  of  vegetables,  ferve  them  as  fo 
many  proofs. 

Their  opinion  is  the  more  probable  on  this  account, 
that  even  though  the  Nitrous  Acid  fhould  adually 
be  produced  by  vegetable  and  animal  fubftances,  yet 
as  thefe  fubftances  themfelves  draw  all  their  com¬ 
ponent  principles  from  the  earth,  and  as  the  Vitri¬ 
olic  Acid  is  diffuied  through  all  the  foils  which 
afford  them  nouriftiment,  there  is  great  reafon  to 
think  that  the  Nitrous  Acid  is  no  other  than  the 
Vitriolic  Acid  altered  by  the  changes  and  combina¬ 
tions  it  hath  undergone  in  its  paffage  into  and  thro’ 
thofe  fubftances.  In  1750  the  Royal  Academy  of 
Sciences  at  Berlin  propofed  an  account  of  the  gene¬ 
ration  of  Nitre  as  the  fubjed  for  their  prize,  which 
was  conferred  on  a  Memoir  wherein  this  laft  opini¬ 
on  was  fupported  by  fome  new  and  very  judicious 
experiments, 

VOL.  I.  R  Th« 
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1  he  procefs  by  which  our  Salt-petre  makers  ex- 
trad;  Nitre  in  quantities,  out  of  rubbifh  and  nitrous 
earths,  is  very  nearly  the  fame  with  that  here  fet 
down  .  fo  that  I  fhall  not  enter  into  a  particular 
«iCCOuiit  of  it.  1  fliall  only  take  notice  of  one  thing, 
which  it  is  ot  fome  confequence  to  know  ;  name¬ 
ly,  that  there  is  no  nitrous  earth  which  does  not 
contain  fea-falt  alfo.  The  greatefl  quantities  of 
this  fait  are  to  be  found  in  thofe  earths  which  have 
been  drenched  with  urine  or  other  animal  excre- 
rnentS;  .  Now  as  the  rubbifh  of  old  houfes  in  great 
cities  is  in  this  clafs,  it  comes  to  pals  that  when  the 
Salt-petre  workers  evaporate  a  nitrons  lixivium  drawn 
fiom  tiiüt  rubbifh,  as  loon  as  the  evaporation  is 
brought  to  a  certain  pitch,  a  great  many  little  cryf- 

tals  of  fea-falt  form  in  the  liquor,  and  fall  to  the 
bottom  of  the  veffel. 

The  Salt-petre  workers  in  France  call  thefe  faline 
pai  tides  the  Qvciin^  and  take  great  care  to  feparate 
them  nom  the  liquor,  (which  as  long  as  it  continues 
not  keeps  the  lalt-petre  diiiolved)  before  they  let  it 
to  cryflallize.  This  fad  feems  a  little  fino-uiar,  con- 
fidering  that  fea-falt  diffolves  in  water  moreeafily 
than  falt-petre,  and  cryflallizes  with  more  difficukv. 

In  oroer  to  difeover  the  caufe  of  this  phenomenon 
Wc.  muff  îecolled  fome  truths  delivered  in  our  theo¬ 
retical  Elements,  The  firft  is,  that  water  can  keep 
but  a  determinate  quantity  of  any  fait  in  folution 
and  that  if  water  fully  faturated  with  a  fait  be  evapo¬ 
rated,  a  quantity  of  fait  will  cryflallize  in  propor¬ 
tion  to  the  quantity  of  water  evaporated.  The"  fécond 
is,  that  thofe  faits  which  are  the  moil  foluble  in  wa¬ 
ter,  particularly  thofe  which  run  in  the  air,  will  dif- 
folve  in  cold  and  in  boiling  water  equally’;  whereas 
much  greater  quantities  of  the  other  faits  will  diffolve 
in  hot  and  boiling  water  than  in.  cold  water.  Thefe 
things  being  admitted,  when  we  know  that  fea-falt 
one  of  the  firfl  fort,  and  falt-petre  of  the  fécond, 

the 
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the  reafon  why  fea-falt  precipitates  in  the  preparation 
of  falt-petre  appears  at  once.  For 

When  the  folution  of  falt-petre  and  fea-falt  comes 
to  be  evaporated  to  fuch  a  degree  that  it  contains  as 
much  fea-falt  as  it  pofïibly  can,  this  fait  mult  begin 
to  cryflallize,  and  continue  to  do  fo  gradually  as 
the  evaporation  advances.  But  becaufe  at  the  fame 
time  it  does  not  contain  as  much  falt-petre  as  it  can 
hold,  feeing  it  is  capable  of  diffolving  a  much  greater 
quantity  thereof  when  it  is  boiling  hot  than  when 
it  is  cold,  this  lad  named  fait  will  not  cryflallize  fo 
foon.  If  the  evaporation  were  continued  till  the 
cafe  of  the  falt-petre  came  to  be  the  fame  with  that 
of  the  fea-falt,  then  the  falt-petre  alfo  would  begin 
to  cryflallize  gradually  in  proportion  to  the  water 
evaporated,  and  the  two  faits  would  continue  cryf- 
tallizing  promifcuoufly  together:  but  it  is  never  car¬ 
ried  fo  far  ;  nor  is  it  ever  neceffary;  for  as  the  water 
cools  it  becomes  more  and  more  incapable  of  hold¬ 
ing  in  folution  the  fame  quantity  of  falt-petre  as 
when  it  was  boiling  hot. 

And  then  comes  the  very  reverfe,  with  regard  to 
the  cryflallizing  of  the  two  faits  ;  for  then  the  Salt¬ 
petre  fhoots,  and  not  the  Sea- fait.  The  reafon  of 
this  facl  alfo  is  founded  on  what  has  juft  been  faid. 
The  Sea-falt,  of  which  cold  water  will  diffolve  as 
much  as  boiling  water,  and  which  owed  its  cryflaU 
lizing  before  only  to  the  evaporation,  now  ceafes  to 
cryflailize  as  foon  as  the  evaporation  ceafes  ;  while 
the  Salt-petre,  which  the  water  kept  diflolved  only 
becaufe  it  was  boiling  hot,  is  forced  to  cryflallize 
merely  by  the  cooling  of  the  water. 

When  the  folution  of  Salt-petre  has  yielded  as 
many  cryflals  of  that  Salt  as  it  can  yield  by  cooling, 
it  is  again  evaporated,  and  being  then  fuffered  to 
cool  yields  more  cryflals.  And  thus  they  continue 
evaporating  and  cryflallizing,  till  the  liquor  will 
afford'no  more  cryflals.  It  is  plain  that  as  the  Salt- 
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petre  .  cryflallizes,  the  proportion  of  Sea- fait  to 
the  diffolving  liquor  increales  ;  and  as  a  certain 
quantity  of  water  evaporates  alfo  during  the  time 
employed  in  cryFallizing  the  Salt-petre,  a  quantity 
of  Sea-falt,  proportioned  to  the  water  fo  evaporat¬ 
ing,  muF  cryFallize  in  that  time  :  and  this  is  the 
reafon  why  Salt-petre  is  adulterated  with  a  mixture 
of  Sea-falt.  It  likewife  follows  that  the  laF  cryFals 
of  Nitre,  obtained  from  a  folution  of  Salt  petre 

and  Sea-falt,  contain  much  more  Sea-falt  than  the 
Hrft. 

From  all  that  has  been  faid  concerning  the  cryf- 
tallization  of  Salt-petre  and  Sea-falt,  it  is  eafy  to 
deduce  the  proper  way  of  purifying  the  former  of 
thefe  two  Saits  from  a  mixture  of  the  latter.  For 
this  purpole  the  Salt-petre  to  be  refined  need  only 
be  diffolved  in  fair  water.  The  proportion  between 
the  two  faits  in  this  fécond  folution  is  very  different 
from  what  it  was  in  the  former  ;  for  it  contains  no 
more  Sea-falt  than  what  had  cryftalhzed  along  with 
the  Salt-petre  under  favour  of  the  evaporation,  the 
reft  having  been  left  diffolved  in  the  liquor  that  re- 
iufed  to  yield  any  more  nitrous  cry  fiais. 

As  there  is  therefore  a  much  greater  quantity  of 
Salt  petre  than  of  Sea-falt  in  this  fécond  folution,  it 
is  eafy  to  evaporate  it  to  fuch  a  degree  that  a  great 
deal  of  Salt-petre  fhall  cryflallize,  while  much  more 
of  the  water  muft  neceffarily  be  evaporated  before 
any  of  the  Sea-falt  will  cryflallize. 

However,  the  Salt-petre  is  not  yet  entirely  freed 
from  all  mixture  of  Sea-falt  by  this  firfl  purification  ; 
for  the  cry  fiais  obtained  from  this  liquor,  in  which 
Sea-falt  is  diffolved,  are  Fill  encruFed,  and,  as  it 
were,  infedled  therewith  :  hence  it  comes,  that,  to 
refine  the  Salt-petre  thoroughly,  thefe  cryFallizati- 
ons  muF  be  repeated  four  or  five  times. 

The  Salt-petre  men  commonly  content  themfelves 
with  cryFallizing  it  thrice,  and  call  fhe  produce  Salt¬ 
petre 
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petrc  of  the  firft,  fécond,  or  third  (hoot,  accord¬ 
ing  to  the  number  of  cryftallizations  it  has  un¬ 
dergone.  But  their  beft  refined  Salt-petre,  even 
that  of  the  third  (hooting,  is  not  yet  fufficiently 
pure  for  Chymical  experiments  that  require  much 
accuracy  :  fo  that  it  mufl  be  further  purified,  but 
dill  by  the  fame  method. 

The  Nitrous  Acid  is  not  pure  in  the' earths  and 
flones  from  which  it  is  extra&ed.  It  is  combined 
partly  with  the  very  earth  in  which  it  is  formed,  and 
partly  with  the  Volatile  Alkali  produced  by  the  pu¬ 
trefaction  of  the  vegetable  or  animal  matters  that 
concurred  to  its  generation.  A  Fixed  Alkali  and 
Quick-lime  are  added  to  the  lixivium  of  a  nitrous 
earth,  in  order  to  decompofe  the  nitrous  Salts  form¬ 
ed  in  that  earth,  and  to  feparate  the  Acid  from  the 
Volatile  Alkali  and  the  abforbent  earth  with  which 
it  is  united  :  thence  comes  that  copious  fediment 
which  appears  in  the  lye  at  the  beginning  of  the  e- 
vaporation.  Thefe  matters  form  with  that  Acid  a 
true  Nitre,  much  more  capable  than  the  original 
Nitrous  Salts  of  cryftallization,  detonation,  and  the 
other  properties  which  are  effential  thereto.  The 
bafis  of  Nitre  is  therefore  a  Fixed  Alkali  mixed  with 
a  little  lime. 

The  Mother  of  Nitre,  which  will  yield  no  more 
cryftals,  is  brown  and  thick  :  by  evaporation  over 
a  fire  it  is  further  infpiiTated,  and  becomes  a  dry, 
folid  body  ;  which  however  being  left  to  itfelf  foou 
gives,  and  runs  into  a  liquor.  This  water  ftilfcon- 
tains  a  good  deal  of  Nitre,  Sea-lalt,  and  the  Acids 
of  thefe  Salts  united  with  an  abforbent  earth.  It 
contains  moreover  a  great  deal  of  a  fat,  vifcid  mat¬ 
ter,  which  prevents  its  cryftallizing. 

All  faline  folutions  in  general,  alter  having  yield¬ 
ed  a  certain  quantity  of  cryftals,  grow  thick,  and 
refufe  to  part  with  any  more,  though  they  (till  con¬ 
tain  much  Salt.  They  are  all  called  Mother -waters ,  as 
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well  as  that  which  hath  yielded  Nitre.  The  Mo¬ 
ther-waters  of  different  Salts  may  prove  the  fubjedls 
of  curious  and  ufeful  enquiries. 

If  a  Fixed  Alkali  be  mixed  with  the  Mother  of 
Nitre,  a  copious  white  precipitate  immediately  falls, 
which  being  collected  and  dried  is  called  Magnefia. 
This  precipitate  is  nothing  but  the  abforbent  earth 
that  was  united  with  the  Nitrous  Acid,  together 
with  a  good  deal  of  the  lime  that  was  added,  and 
was  alfo  united  with  that  Acid,  from  which  they  are 
now  feparated  by  the  Fix^d  Alkali,  according  to  the 
ufual  laws  of  affinities. 

The  Vitriolic  Acid  poured  upon  Mother  of  Ni¬ 
tre  caufes  many  Acid  vapours  to  rife,  which  are 
a  compound  of  the  nitrous  and  marine  Acids,  that 
is,  an  Aqua  regia .  On  this  occafion  alfo  there  falls 
a  large  quantity  of  a  white  powder,  which  is  Hill 
called  Magnefia  ;  yet  it  differs  from  the  former  in 
that  it  is  not,  like  it,  a  pure  abforbent  earth,  but 
combined  with  the  Vitriolic  Acid. 

An  Aqua  régis  may  alio  be  drawn  from  nitrous 
earths  by  the  force  of  hre  only,  without  the  help  of 
any  additament. 

am.  KirxJ*  - r-1— ruumj.) 


PROCESS  Ik 

To  decompcfe  Nitre  by  means  of  the  Pblogifton.  Ni¬ 
tre  fixed  by  Charcoal  Clyffus  of  Nitre .  Sal  Po¬ 
ly  ch  re  ft  urn. 

TAKE  the  pureft  Salt-petre  in  powder  ;  put  it 
into  a  large  crucible,  which  it  may  but  half 
Tall  ;  fet  the  crucible  in  a  common  furnace,  and  fur- 
round  it  with  coals.  When  it  is  red-hot  the  Nitre 
will  melt,  and  become  as  fluid  as  water.  Then 
throw  into  the  crucible  a  (mail  quantity  of  charcoal- 
duft  :  the  Nitre  and  the  charcoal  will  immediately  de- 
Hagrate  with  violence  ;  and  a  great  commotion  will  be 
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raifed,  accompanied  with  a  confiderable  hiding,  and 
abundance  of  black  fmoke.  As  the  charcoal  waftes, 
the  detonation  will  abate,  and  ceafe  entirely  as  fcom 
as  the  coal  is  quite  confirmed. 

Then  throw  into  the  crucible  the  fame  quantity 
of  charcoal-duft  as  before,  and  the  fame  phenome¬ 
na  will  be  repeated.  Let  this  coal  alfo  be  confirm¬ 
ed  :  then  add  more,  and  go  on  in  the  fame  manner 
till  you  can  excite  no  further  deflagration  always 
obferving  to  let  the  burning  coal  be  entirely  confirm¬ 
ed  before  you  add  any  frefh.  When  no  deflagration 
enfues,  the  matter  contained  in  the  crucible  will  have 
loft  much  of  its  fluidity. 

O  B  S  E^R  VA?  10  NS, 

Nitre  will  not  take  fire,  unlefs  the  inflammable 
matter  added  to  it  be  actually  burning,  or  the  Nitre 
itfelf  red-hot,  and  fo  thoroughly  ignited  as  immedi¬ 
ately  to  kindle  it.  Therefore,  if  you  would  pro¬ 
cure  the  detonation  of  Nitre  with  charcoal,  and 
make  ufe  of  cold  charcoal,  as  in  the  procefs,  the 
Nitre  in  the  crucible  muft  be  red-hot,  and  in  perfect 
fufion  :  but  you  may  alfo  ufe  live  coals,  and  then 
the  Nitre  need  not  be  red-hot. 

It  is  proper  that  the  crucible  ufed  in  this  experi¬ 
ment  fhould  be  only  half  full  ;  for  during  the  deto¬ 
nation  its  contents  fwell,  and  might  run  over  with¬ 
out  this  precaution.  For  the  fame  reafon  the  char¬ 
coal-duft  is  to  be  thrown  in  by  little  and  little  ;  and 
that  firft  put  in  muft  be  entirely  confumed  before 
any  frefh  be  added. 

The  matter  remaining  in  the  crucible  after  the 
operation  is  a  very  ftrong  Fixed  Alkali.  Being  ex- 
pofed  to  the  air  it  quickly  attraéls  the  moifture  there¬ 
of,  and  runs  into  a  liquor.  It  is  called  Alkalizated 
Nitre ,  or  to  diftinguifh  it  from  Nitre  alkalizated  by 
other  inflammable  matters,  Nitre  fixed  by  charcoal . 

R  4  However, 
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However,  this  Alkali  is  not  abfoluteîy  pure.  It 
fliil  contains  a  portion  of  the  Nitre  that  hath  not 
been  decompoled  :  for  when  there  remains  but  a  lit¬ 
tle  of  this  Salt  mixed  with  a  great  quantity  of  Al¬ 
kali,  which  is  not  inflammable,  the  Alkali  in  feme 
meafure  flickers  it,  coats  it  over,  and  obftructs  that 
immediate  contact  with  the  inflammable  matters  ap¬ 
plied,  which  is  neceffiary  to  make  it  deflagrate. 

If  the  fixed  Alkali  be  defined  perfedfly  free  from 
#ny  mix  tin  e  of  undecompofed  Nitre,  the  fire  about 
the  crucible  muff  be  confiderably  inçreafed  as  foon 
as  the  detonation  is  entnely  over  j  the  matter  muff 
be  made  to  flow,  which  requires  a  much  ftronger 
heat  than  would  melt  Nitre,  ggd  kept  thus  in  fuffon 
for  about  an  hour.  After  thfs  no  perfed  Nitre  will 
be  found  therein  :  for  the  little  that  was  left,  being 
unable  to  abide  the  force  of  the  fire,  as  not  beino* 
extremely  fixed,  either  is  entirely  diffipated,  or  lofes 

its  Acid,  which  is  cairied  orf  by  the  violence  of  the 
heat. 

Fixed  Nitre  contains  alfo  a  portion  of  the  earth 
that  confiituted  the  bans  of  the  Nitre,  which  is  no 
other  than  the  lime  employed  in  its  cryffallization,  or 
die  fom>^  of  the  earth  with  which  its  Acid  was  origi¬ 
nally  combined,  and  which  it  retained  in  cryffallizino 
"When  Nine  is  deflagrated  with  fuch  matters  as  pro- 
dice  allies,  thefe  ames  likewiie  furnifh  a  certain  quan¬ 
tity  of  earth,  which  mixes  with  the  Fixed  Alkali.  To 
leparate  thefe  feveral  earths  from  the  Alkali,  no¬ 
thing  mom  is  requisite  than  to  let  them  run  per  deli - 
qmum,  or  to  difiolve  them  in  water,  and  filter  the 
folucion  through  brown  paper.  Whatever  is  faline 
will  pafs  through  the  filtre  with  the  water,  and  the 
earthy  part  will  be  left  upon  it. 

The  Nitrous  Acid  is  not  only  diffipated  during 
the  deflagration  of  the  Nitre,  but  is  even  deftroy- 
cd,  and  perfectly  decomppfed.  The  fmoke  that 
Viks  during  the  operation  has  not  the  leak  odour  of 
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an  Acid.  Its  nature  may  be  accurately  examined 
by  catching  it  in  proper  vefTels,  and  condenfing  it  ' 
into  a  liquor. 

Nitre  differs  from  Sulphur,  and  from  all  other  in¬ 
flammable  bodies  whatever,  in  this,  that  the  free  ac- 
cefs  of  the  air  is  indifpenfably  neceflary  to  make  any 
of  the  others  burn  ;  whereas  Nitre,  and  Nitre  only, 
is  capable  of  burning  in  clofe  vefTels  :  and  this  pro¬ 
perty  furnifhes  us  with  the  means  of  colledling  the 
vapours  which  it  difcharges  in  deflagration. 

For  this  purpofe  to  a  tubulated  earthen  retort  you 
muff  fit  two  or  three  large  adopters  :  fet  the  retort 
in  a  furnace  ;  and  under  it  make  a  fire  fufficient  to  ‘ 
keep  its  bottom  moderately  red.  Then  take  a  fmall 
quantity,  two  or  three  pinches  for  example,  of  a 
mixture  of  three  parts  of  Nitre  with  one  of*  char¬ 
coal- duff,  and  drop  it  into  the  retort  through  its 
tube,  which  muft  be  uppermofl,  and  immediately 
flopped  clofe.  A  detonation  inflantly  enfues,  and 
the  vapours  that  rife  from  the  inflamed  mixture  of 
Nitre  and  charcoal,  paffing  out  through  the  neck 
of  the  retort  into  the  adopters,  circulate  therein  for 
a  while,  and  at  laft  condenfe  into  a  liquor. 

When  the  detonation  is  over,  and  the  vapours 
condenfed,  or  nearly  fo,  drop  into  the  retort  ano¬ 
ther  equal  quantity  of  the  mixture  ;  and  repeat  this 
till  you  find  there  is  liquor  enough  in  the  recipients 
to  be  examined  with  eafeand  accuracy.  This  liquor 
is  almofl  infipid,  and  (hews  no  tokens  of  acidity  ; 
or  at  moft  but  very  flight  ones.  It  is  called  ClyJJus 
of  Nitre. 

It  is  eafy  to  perceive  why  feveral  adopters  are  re¬ 
quired  in  this  experiment,  and  why  a  very  fmall 
quantity  of  the  mixture  mufl  be  introduced  into  the 
retort  at  once.  The  explofion,  and  the  quantity  of 
air  and  vapours  difcharged  on  this  occafion,  would 
quickly  burfl  the  vefTels,  if  all  thefe  precautions 
were  not  attended  to.  This  plainly  appears  from 

the 
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the  terrible  effects  of  gun-powder,  which  is  nothing 
but  a  compofition  of  Nitre,  Sulphur,  and  Charcoal 

Nitre  is  alfo  decompoled  and  takes  fire  by  the 
means  of  Sulphur  ;  but  the  circum fiances  and  the 
refult  differ  widely  from  thofe  produced  therewith 
by  charcoal,  or  any  other  inflammable  body. 

Nitre  deflagrates  with  Sulphur  on  account  of  the 
Phlogifton  which  the  latter  contains.  If  one  part 
of  Sulphur  be  mixed  with  two  or  three  parts  of  Ni¬ 
tre,  and  the  mixture  thrown  by  little  and  little  into 
a  red-hot  crucible,  upon  every  proje&ion  there  arifes 
a  detonation  accompanied  with  a  vivid  flame. 

T  lie  vapouis  di (charged  on  this  occafion  have 
the  mingled  fmell  of  a  Sulphureous  Spirit  and  Spi¬ 
rit  of  Nitre  ;  and  if  they  be  collected  by  means  of 
a  tubulated  retort,  and  fuch  an  apparatus  of  veifels 
as  was  ufed  in  the  preceding  experiment,  the  liquor 
contained  in  the  recipients  "is  found  to  be  an  aétuaî 
mixture  of  the  Ac;d  of  Sulphur,  the  Sulphureous 
Spirit,  and  the  Acid  of  Nitre  ;  the  firft  being  in 
greatei  quantity  than  the  other  two,  and  the  fécond 
greater  than  the  lafi. 

Nor  is  the  remainder  after  detonation  a  Fixed  Al¬ 
kali,  as  in  the  former  experiments  ;  but  a  Neutral 
Salt,  confifting  of  the  Acid  of  Sulphur  combined 
with  the  Alkali  of  Nitre  ;  a  fort  of  Vitriolated  Tar¬ 
tar,  known  in  medicine  by  the  name  of  Sal  Poly - 

There  are  evidently  two  eflential  differences  be¬ 
tween  this  laff  experiment  and  the  preceding  one. 
What  remains  after  the  deflagration  of  Nitre  with 
Sulphur  is  not  a  Fixed  Alkali  :  and  moreover,  the 
^  emitted  in  the  operation  are  impregnated 

with  a  quantity  of  the  Nitrous  Acid  ;  which  is  not  the 
caie  when  Nitre  is  decompoled  by  any  other  inflam¬ 
mable  matter  which  contains  no  Vitriolic  Acid. 

The  reafon  of  thefe  differences  is  naturally  deduce- 
ible  from  what  hath  been  already  faid  concerning  the 

properties 
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properties  of  the  Vitriolic  and  Nitrous  Acids.  We 
have  feen  that  by  burning  Sulphur  its  Acid  is  not 
decompofed,  but  only  ieparatcd  from  its  Phlo- 
gifton.  WTe  alfo  know  that  its  Acid  has  a  great  affi¬ 
nity  with  Fixed  Alkalis.  Thefe  things  being  grant¬ 
ed,  it  follows  that,  as  foon  as  the  Nitrous  Acid  quits 
its  Alkaline  bafis,  by  deflagrating  with  the  Phlogifton 
of  the  Sulphur,  the  Acid  of  this  very  Sulphur,  be¬ 
ing  let  at  liberty  by  that  deflagration,  mu  ft  unite 
with  the  Alkaline  bafis  deferted  by  the  Acid  of  Nitre, 
and  therewith  form  a  Neutral  Salt.  Hence,  inftead 
of  a  Fixed  Alkali,  we  find  at  the  end  of  the  opera¬ 
tion  a  fort  of  Vitriolated  Tartar  ;  the  Acids  of  Sul¬ 
phur  and  of  Vitriol  being  the  fame,  as  is  .evident 
from  what  hath  been  above  Paid  concerning  them. 

In  order  to  difcover  the  caufe  of  the  other  pheno¬ 
menon,  we  muft  recoiled!:  two  things  advanced  in 
our  Elements  of  the  Theory  ;  to  wit,  that  the  af¬ 
finity  of  the  Vitriolic  Acid  with  Fixed  Alkalis  is 
greater  than  that  of  the  Nitrous  Acid  ;  and  again, 
that  the  Nitrous  Acid  is  not  capable  of  combining  and 
taking  fire  with  the  Phlogiikxn,  but  when  it  is  in  the 
form  of  a  Neutral  Salt,  that  is,  when  it  is  united 
with  fome  alkaline,  earthy,  or  metallic  bafis.  If 
thefe  two  principles  be  applied  to  the  efiedfc  in  quef- 
tion,  the  folunon  is  eafy  and  natural.  For,  in  the 
deflagration  of  Nitre  with  Sulphur,  the  Phlogifton 
is  not  the  only  fubflance  capable  of  feparating  the 
Nitrous  Acid  from  its  bafis.;  the  Acid  of  the  Sulphur, 
more  and  more  of  which  is  fetat  liberty  as  the  Phlo¬ 
gifton  is  confumed,  is  alfo  capable  of  producing 
the  fame  effedi j  but  with  this  difference,  that  the 
portion  of  the  Nitrous  Acid  which  is  detached  from 
its  Alkali  by  the  Phlogifton  is  at  the  fame  inftant 
fet  on  fire  and  decompofed  by  that  union  ;  where¬ 
as  the  portion  thereof  which  is  feparated  by  the 
Vitriolic  Acid,  being  when  fo  feparated  incapable 
of  uniting  with  the  Phlogifton,  and  of  confum-ing 

5  there- 
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therewith,  is  preferved  entire,  and  rifes  in  vapours, 
together  with  that  portion  of  the  Vitriolic  Acid 
which  could  not  unite  with  the  balls  of  the  Nitre. 
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To  decompofe  Nitre  by  means  of  the  Vitriolic  Acid . 
The  Smoking  Spirit  of  Nitre,  Sal  de  duobüs.  The 
Purification  of  Spirit  of  Nitre . 

TAKE  equal  parts  of  well  purified  Nitre  and 
Green  Vitriol  :  dry  the  Nitre  thoroughly,  and 
bruife  it  to  a  fine  powder.  Calcine  the  Vitriol  to 
rednefs  :  reduce  it  likewife  to  a  very  fine  powder; 
and  mingle  thefe  two  fubftances  well  together.  Put 
the  mixture  into  an  earthen  long-neck,  or  a  good 
glafs  retort  coated,  of  fuch  a  fize  that  it  may  be  but 
half  full. 

Set  this  veffel  in  a  reverberating  furnace  covered 
with  its  dome  ;  apply  a  large  glafs  receiver,  hav¬ 
ing  a  fmall  hole  in  its  body,  flopped  with  a  little 
lute.  Let  this  receiver  be  accurately  luted  to  the  re¬ 
tort  with  the  fat  lute,  and  the  joint  covered  with  a  flip 
of  canvas  fmeared  with  lute  made  of  quicklime  and 
the  white  of  an  egg.  Heat  the  vefièls  very  gradu¬ 
ally.  I  he  receiver  will  foon  be  filled  with  very  denle 
red  vapours,  and  drops  will  begin  to  diftill  from  the 
nofe  of  the  retort. 

Continue  the  diflillation,  encreafing  the  fire  a  lit¬ 
tle  when  you  obferve  the  drops  to  follow  each  other 
but  (lowly,  fo  that  above  two  thirds  of  a  minute 
pafles  between  them  ;  and,  in  order  to  let  out  the  re¬ 
dundant  vapours,  open  the  fmall  hole  in  the  re¬ 
ceiver  from  time  to  time.  Towards  the  end  of  the 
opei  anon  raife  the  fire  fo  as  to  make  the  retort 
red.  When  you  find  that,  even  when  the  retort  is 
red  hot,  nothing  more  comes  over,  unlute  the  re¬ 
ceiver,  and  without  delay  pour  the  liquor  it  con¬ 
tains 
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tains  into  a  cryftal  bottle,  and  clofe  it  with  a  cryftal 
Hopple  rubbed  in  its  neck  with  emery.  This  liquor 
will  be  of  a  reddifh  yellow  colour,  fmoking  exceed¬ 
ingly,  and  the  bottle  containing  it  will  be  conftant- 
ly  filled  with  red  fumes  like  thofe  obferved  in  the 
receiver. 

O  B  S  ERVAÏ  IQ  NS. 

The  Vitriolic  Acid  having  a  greater  affinity  with 
Fixed  Alkalis  than  with  any  other  fubftance,  the 
Phlogifton  excepted,  and  being  in  the  Vitriol  united 
with  a  ferruginous  bafis,  will  naturally  quit  that  ba- 
fis  to  join  with  the  Fixed  Alkali  of  the  Nitre  -,  the* 
Acid  whereof  being  weaker  than  the  Vitriolic,  as 
we  have  already  obferved  on  feveral  occafions,  mull 
needs  be  thereby  expelled  from  its  bafis.  The  Ni¬ 
tre  therefore  is  decompofed  by  the  Vitriol,  and  its 
Acid  being  fet  at  liberty,  is  carried  up  by  the  force 
of  the  fire. 

Indeed  the  Nitrous  Acid,  being  thus  feparated  from 
its  alkaline  bafis,  might  be  expedled  to  combine  with 
the  ferruginous  bafis  of  the  Vitriol  :  but  as  it  has,  like 
all  other  Acids,  much  lefs  affinity  with  Metallic  fub- 
ftances  than  with  Alkalis,  even  a  moderate  degree 
of  fire  is  fufficient  to  feparate  it  from  them.  More¬ 
over,  this  Acid  hath  either  no  effedl,  or  very  little, 
upon  iron  that  has  loft  much  of  its  Phlogifton  by 
contracting  an  union  with  any  Acid  ;  which  is  the 
cafe  of  the  ferruginous  bafis  of  Vitriol. 

By  the  procefs  here  delivered  a  very  ftrong,  per¬ 
fectly  dephlegmated,  and  vaftly  {hooking  Spirit  of 
Nitre  is  obtained.  If  the  precautions  of  drying  the 
Nitre  and  calcining  the  Vitriol  be  neglected,  the 
Acid  that  comes  over,  greedily  attracting  the  water 
contained  in  thefe  faits,  will  be  very  aqueous,  will 
not  fmoke,  and  will  be  almoft  colourlefs,  with  a  ve¬ 
ry  (light  tinge  of  lemon. 
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1  he  fumes  of  highly  concentrated  Spirit  of  Ni¬ 
tre,  inch  as  that  obtained  by  the  above  procefs,  are 
light,  corrofive,  and  very  dangerous  to  the  lungs  ; 
being  no  other  than  the  moil  dephlegmated  part  of 
the  Nitrous  Acid.  The  perfon  therefore  who  un¬ 
lutes  the  veflels,  or  pours  the  liquor  out  of  the  re¬ 
ceiver  into  the  bottle,  ought  with  the  greatefl  cau¬ 
tion  to  avoid  drawing  them  in  with  his  breath  ;  and 
for  that  reafon  ought  to  place  himfelf  fo  that  a  cur¬ 
rent  of  air,  either  natural  or  artificial,  may  carry 
them  off  another  way.  It  is  alfo  neceifary  that 
care  be  taken,  during  the  operation,  to  give  the 
vapours  a  little  vent  every  now  and  then,  by  open¬ 
ing  the  fmali  hole  in  the  recipient;  for  they  are  fo 
elaffic,  that,  if  too  clofely  confined,  they  will  burit 
the  veffcls. 

When  the  operation  is  over,  you  will  find  a  red 
mafs  at  the  bottom  of  the  retort,  caft  as  it  were  in 
a  mould.  This  is  a  Neutral  Salt  of  the  nature  of 
Yitriolated  Tartar,  reful.ting  from  the  union  of  the 
Acid  of  the  Vitriol  with  the  Alkaline  bafis  of  the 
Nitre. 

The  ferruginous  bafis  of  the  Vitriol,  which  is  mix¬ 
ed  with  this  fait,  gives  it  the  red  colour.  To  fepa- 
rate  it  therefrom,  you  mull  pulverife  it,  difiblve  it 
in  boiling  water,  and  filter  the  folution  feveral  times 
through  brown  paper  ;  becaufe  the  ferruginous 
earth  of  the  vitriol  is  fo  fine,  that  fome  of  it  will 
pafs  through  the  firft  time.  When  the  folution  is 
very  clear,  and  depofites  no  fediment,  let  it  be 
fet  to  fhoot,  and  it  will  yield  cry  fiais  of  Vitriolated 
Tartar;  to  which  Chymifls  have  given  the  peculiar 
title  of  Sal  de  ducbus. 

In  this  Caput  mortuum  we  frequently  find,  befides 
the  ferruginous  earth  of  Vitriol,  a  portion  of  Nitre 
and  Vitriol  not  decompofed  ;  either  becaufe  the  two 
faits  were  not  thoroughly  mingled,  or  becaufe  the 

fire 
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fire  was  not  railed  high  enough  towards  the  end  of 
the  operation. 

Nitre  may  alfo  he  decompofed,  and  its  Acid  ob¬ 
tained,  by  the  interposition  of  any  of  the  other  Vi¬ 
triols,  Alums,  Gypfums,  Boles,  Clays  ;  in  fhort, 
by  means  of  any  compound  in  which  the  Vitriolic 
Acid  is  found,  provided  it  have  not  a  Fixed  Alkali 
for  its  bafis. 

The  diftillers  of  Aqua  forth ,  who  make  large 
quantities  at  a  time,  and  who  ufe  the  lead  charge¬ 
able  methods,  do  their  bufinefs  by  the  means  of  earths 
impregnated  with  the  Vitriolic  Acid  ;  fuch  as  Clays 
and  Boles.  With  thefe  earths  they  accurately  mix 
the  Nitre  from  which  they  intend  to  draw  their  Spi¬ 
rit  :  this  mixture  they  put  into  large  oblong  earthen 
pots,  having  a  very  fhort  curved  neck,  which  en¬ 
ters  a  recipient  of  the  fame  matter  and  form.  Thele 
vefifels  they  place  in  two  rows  oppofite  to  each  other 
in  long  furnaces,  and  cover  them  over  with  bricks 
cemented  with  Windfor-loam,  which  ferves  for  a 
reverberatory  :  then  they  light  the  fire  in  the  fur¬ 
nace,  making  it  at  firft  very  fmall,  only  to  warm 
the  veffels  ;  after  which  they  throw  in  wood,  and 
raife  the  fire  till  the  pots  grow  quite  red-hot,  in 
which  degree  they  keep  it  up  till  the  diftillation  is 
entirely  finifhed. 

The  Acid  of  Nitre  may  alfo  be  feparated  from 
its  bafis  by  means  of  the  pure  Vitriolic  Acid.  For 
this  purpofe  the  Nitre  from  which  you  mean  to  ex¬ 
tract:  the  Acid  muft  be  finely  pulverized,  put  into  a 
glafs  retort,  and  a  third  of  its  weight  of  concen¬ 
trated  Oil  of  Vitriol  poured  on  it  :  the  retort  muft 
be  placed  in  a  reverberating  furnace,  and  a  receiver, 
like  that  ufed  in  the  preceding  operation,  expediti¬ 
on  fly  applied. 

As  foon  as  the  Oil  of  Vitriol  touches  the  Nitre 
the  mixture  grows  hot,  and  copious  red  fumes 

begin 


2  $6  Elements  of  the 

begin  to  appear  :  fome  drops  of  the  Acid  coffie 
over  even  before  the  fire  is  kindled  in  the  furnace. 

On  this  occafion  the  fire  mu  ft  be  moderate  ;  be- 
caufe  the  Vitriolic  Acid,  being  clogged  by  no  bafisy 
acts  upon  the  Nitre  much  more  brilkly,  and  with 
much  greater  eftedt,  than  when  it  is  not  pure. 

This  operation  may  be  performed  by  a  fand  heat  -, 
which  is  a  fpeedy  and  commodious  way  of  obtaining 
the  Nitrous  Acid.  In  other  refpedts  the  precautions 
recommended  in  the  preceding  experiment  muft  be 
carefully  obferved  here,  both  in  diftilling  the  Acid 
and  in  taking  it  out  of  the  receiver. 

The  Spirit  of  Nitre  extra&ed  by  this  method  is 
as  ftrong,  and  fmokes  as  much,  as  that  obtained  by 
calcined  Vitriol,  provided  the  Oil  of  Vitriol  made 
ufe  of  be  well  concentrated  ;  but  it  is  generally 
tainted  by  the  admixture  of  a  fmall  portion  of  the 
Vitriolic  Aicid,  which,  having  no  bafis  of  its  own 
to  reftrain  it,  is  carried  up  by  the  heat  before  it  can 
lay  hold  of  the  bafis  of  the  Nitre. 

There  are  feveral  experiments  in  Chymiftry  that 
fucceed  equally  well  whether  the  Nitrous  Acid  be  or 
be  not  thus  adulterated  with  a  mixture.of  the  Vitri¬ 
olic  Acid  ;  but  there  are  fome,  as  we  ftiall  fee,  that 
will  not  fucceed  without  a  Spirit  of  Nitre  fo  mixed. 
If  the  Acid  be  diftilled  with  a  view  to  fuch  experi¬ 
ments,  it  muft  be  kept  as  it  is.  But  inoft  experi¬ 
ments  require  the  Spirit  of  Nitre  to  be  abfolutely 
pure  *,  and  if  it  be  intended  for  fuch,  it  muft  be 
perfectly  cleanfed  from  the  Vitriolic  taint. 

This  is  eafily  effedted  by  mixing  your  Spirit 
with  very  pure  Nitre,  and  diftilling  it  a  fécond 
time.  The  Vitriolic  Acid,  with  which  this  Spirit  of 
Nitre  is  adulterated,  coming  in  contact  with  a  great 
quantity  of  undecompofed  Nitre,  unites  with  its 
Alkaline  bafis,  and  expells  a  proportionable  quantity 
of  the  Nitrous  Acid, 


In 
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In  the  retort  made  ufe  of  to  diftill  the  Nitrous 
Acid,  by  means  of  the  pure  Vitriolic  Acid,  is  found 
a  Caput  mortuum  differing  from  that  left  after  the  ‘ 
di (filiation  of  the  fame  Acid  by  the  interpofitioii 
of  Vitriol,  in  as  much  as  it  contains  no  red  ferrugi¬ 
nous  earth.  This  is  a  very  white  faline  mafs, 
moulded  in  the  bottom  of  the  retort  :  if  you  pound 
it,  diffolve  it  in  boiling  water,  and  evaporate  the 
folution,  it  will  (hoot  into  cryftals  of  Vitriolated 
Tartar:  fometimes  alfo  it  contains  a  portion  of  un~ 
decompofed  Nitre,  which  (hoots  after  the  Vitriolat¬ 
ed  Tartar,  becaufe  it  is  much  more  folubie  in  water. 


CHAP.  III. 

Of  the  Marine  A  c  x  d. 
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PROCESS  I. 

T 0  extract  Sea-Salt  from  Sea-Water ,  and  from  Brine- 

Springs.  Epfom  Salt . 

FILTER  the  fait  water  from  which  you  intend 
to  extract  the  Salt  ;  evaporate  it  by  boiling  till 
you  fee  on  its  furface  a  dark  pellicle  :  this  conflits 
wholly  of  little  cryffals  of  fait  juft  beginning  to 
(hoot  :  now  flacken  the  fire,  that  the  brine  may 
evaporate  more  (lowly,  and  without  any  agitation»* 
Tne  cryffals,  which  at  fir  ft  were  very  fmall,  will 
become  larger,  and  form  hollow  truncated  pyra¬ 
mids,  the  apices  whereof  will  point  downwards,  and 
their  bafes  be  even  with  the  furface  of  the  liquor. 

Thefe  pyramidal  cryftals  are  only  collections  of 
fmall  cubical  cryftals  concreted  into  this  form. 
Yol.  L  S  Whert 


*5*  Et  E  MEN  T  S  of  the 

When  they  have  acquired  a  certain  magnitude 
they  fall  to  the  bottom  of  the  liquor.  When  they 
come  to  be  in  fuch  heaps  as  almoft  to  reach  the  fur- 
face  of  the  liquor,  decant  it  from  them,  and  con¬ 
tinue  the  evaporation  till  no  more  cryftals  of  Sea- 
fait  will  fhoot. 

OBSERVATIONS. 

The  Acid  of  Sea-falt  is  fcarce  ever  found,  either  m 
Sea- water  or  in  the  earth,  otherwife  than  united  with 
a  fixed  Alkali  of  a  particular  kind,  which  is  its  na¬ 
tural  bafis  -,  and  confequently  it  is  in  the  form  of  a 
Neutral  Salt.  This  Salt  is  plentifully  diffolved  in 
the  waters  of  the  ocean,  and  when  obtained  there¬ 
from  bears  the  name  of  Sea  fait  ït  is  alfo  found  in 
the  earth  in  vail:  cryftallme  mafies,  and  is  then 
called  Sal-Gem  .*  io  that  Sea-Salt  and  Sal-Gem  are 
but  one  and  the,  fame  fort  of  Salt,  differing  very 
little  from  each  other,  except  as  to  the  places  where 
they  are  found. 

in  the  earth  are  alfo  found  fprings  and  foun¬ 
tains.  whofe  waters  are  ilrong  brines,  a  great  deal 
of  Sea-falt  being  diffolved  in  them.  Thefe  fprings 
either  rile  dke&ly  from  the  Sea,  or  run  through 
ibme  mines  of  Sal- Gem,  of  which  they  take  up  a 
quantity  in  their  paffage. 

As  the  fame,  or  at  leaft  nearly  the  fame,  quantity 
©£  Sea- felt  will  continue  diffolved  in  cold  water  as 
boiling  water  will  take  up,  it  cannot  fhoot,  as  Nitre 
does,  by  the  mere  cooling  of  the  water  in  which  it 
is  diffolved:  it  cryfiallizes  only  by  the  means  of  eva¬ 
poration,  which  continually  lefiens  the  proportion  of 
the  water  to  the  Salt  -,  fo  that  it  is  always  capable  of 
containing  juft  fo  much  tlie  refs  Sea-falt  the  more 
there  is  cryflallized 

The  brine  fhould  not  boil  after  you  perceive  the 
pellicle  of  little  cryitals  beginning  to  form  on  its  fur- 
face  ;  for  the  calmnefs  of  the  liquor  allows  them  to 

form 
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form  more  regularly,  and  become  larger.  Nor  after 
this  fhould  the  evaporation  be  hurried  on  too  faff; 
for  a  faline  cruft  would  form  on  the  liquor,  which, 
by  preventing  the  vapours  from  being  carried  off, 
would  obftrudt  the  cryftallization. 

If  the  evaporation  be  continued  after  the  liquor 
ceafes  to  yield  any  cryftals  of  Sea-falt,  other  cryftals 
will  be  obtained  of  an  oblong  four-fided  form, 
which  have  a  bitter  tafte,  and  are  ai  m  oft  always 
moift.  This  fort  of  Salt  is  known  by  the  name  of 
Epfom  Salt ,  which  it  owes  to  a  fait  fpring  in  Eng¬ 
land,  from  the  water  of  which  it  was  firft  extract¬ 
ed.  This  Salt,  or  rather  faline  compound,  is  a  con¬ 
geries  of  Glauber’s  Salt  and  Sea-falt,  in  a  manner" 
confounded  together,  and  mixed  with  fome  of  the 
Mother  of  Sea-falt,  in  which  is  contained  a  kind  of 
bkuminous  matter.  Thefe  two  Neutral  Salts,  which 
conftitute  the  Epfom  Salt,  may  be  eafily  feparated 
from  each  other,  by  means  of  cryftallization  only. 
Epfom  Salt  is  purgative  and  bitter  ;  and  therefore 
named  Sal  catharticum  amarum ,  or  bitter  purging 
Salts. 

There  are  different  methods  ufed  in  great  works 
for  obtaining  Sea-falt  out  of  water  in  which  it  is 
diffolved.  The  fimpleft  and  eafieft  is  that  pradtifed 
in  France,  and  in  all  thofe  countries  which  are  not 
colder.  On  the  fea  ftiore  they  lay  out  a  fort  of  broad 
ftiallow  pits,  pans,  or  rather  ponds,  which  the  fea 
fills  with  the  tide  of  flood.  When  the  ponds  are 
thus  filled,  they  ftop  their  communication  with  the 
fea,  and  leave  the  water  to  evaporate  by  the  heat 
of  the  fun  -,  by  which  means  all  the  Salt  contained  in 
it  neceffarily  cryftallizes.  Thefe  pits  are  called  Salt 
Ponds.  Salt  can  be  made  in  this  way  in  the  fum- 
mer-time  only  ^  at  leaft  in  France,  and  other  coun¬ 
tries  of  the  fame  temperature  :  for  during  the  win¬ 
ter,  when  the  fun  has  lefs  power  and  rains  are  fre¬ 
quent,  this  method  is  not  practicable. 

S  2  '  For 
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Foi  this  realon,  as  it  often  rains  in  the  province* 
of  Normandy,  the  inhabitants  take  another  way  to 
extract  Salt  fiom  lea-water.  I  he  labourers  em¬ 
ployed  for  this  purpofe  raife  heaps  of  fand  on  the 
fhore,^  fo  that  the  tide  waters  and  drenches  them 
when  it  flows,  and  leaves  the  fand  dry  when  it  ebbs. 
During  the  interval  between  two  tides  of  flood  the 
fun  and  the  air  eafily  carry  off  the  moifture  that  was 
left,  and  fo  the  fand  remains  impregnated  with  all 
the  Salt  that  was  contained  in  the  evaporated  water. 
Thus  they  let  it  acquire  as  much  fait  as  it  can  by 
feveral  returns  of  flood,  and  then  wafh  it  out  with 

.fiefh  water,  which  they  evaporate  over  a  fire  in 
leaden  boilers. 

.  i  Salt  j  ■rom  brine-fprings,  the  water 
need  only  be  evaporated  :  but  as  feveral  of  thefe 
fprings  contain  too  little  Salt  to  pay  the  charges  that 
would  be  incurred,  if  the  evaporation  were  effected 
by  the  force  of  fire  only,  the  manufacturers  have 
fallen  upon  a  lefs  expenfive  method  of  getting  rid 
of  the  greatefl  part  of  the  water,  and  preparing  the 
brine  for  cryftallization,  in  much  lefs  time,  and^with 

much  lefs  fire,  than  would  otherwife  have  been  ne- 
ceflary. 

^  method  confifts  in  making  the  water  fall 
from  a  certain  heighth  on  a  great  many  final!  fpars. 
of  wood,,  which  divide  it  into  particles  like  rain, 
i  nis  is  perrormed  under  flieds  open  to  all  the  winds 
which  pafs  rreely  through  this  artificial  fhnwpr 
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PROCESS  II. 

Experiments  concerning  the  decomposition  of  Sea- fatty 
by  means  of  the  Phlogifton.  Kunckel’y  Phofphorus . 

**  F  pure  urine  that  has  fermented  five  or  fix 
“  days  take  a  quantity  in  proportion  to 
cc  the  quantity  of  Phofphorus  you  intend  to  make  ; 
it  requires  about  one  third  part  of  a  hogfhead  to 
make  a  dram  of  Phofphorus.  Evaporate  it  in 
iron  pans,  till  it  become  clotted,  hard,  black, 
C£  and  nearly  like  chimney-foot  ;  at  which  time  it 
<c  will  be  reduced  to  about  a  fixtieth  part  of  its  ori- 
“  ginal  weight  before  evaporation. 

“  When  the  urine  is  brought  to  this  condition 
C€  put  it  in  feveral  portions  into  fo  many  iron  pots, 
“  under  which  you  mull  keep  a  pretty  bride  fire 
<c  fo  as  to  make  their  bottoms  red,  and  flir  it  in- 
<c  ceflantly  till  the  volatile  fait  and  the  fetid  oil  be 
<c  almoft  wholly  difiipated,  till  the  matter  ceafe  to 
<c  emit  any  fmoke,  and  till  it  fmell  like  peach- blof- 
M  foms.  Then  put  out  the  fire,  and  pour  on  the 
tc  matter,  which  will  now  be  reduced  to  a  powder, 
<c  fomewhat  more  than  twice  its  weight  of  warm  wa- 
tc  ter.  Stir  it  about  in  this  water,  and  leave  it  to 
<c  foak  therein  for  twenty  four  hours.  Pour  off  the 
“  water  by  inclination  ;  dry  the  drenched  matter, 
**  and  pulverize  it.  The  previous  calcination  carries 
“  off  from  the  matter  about  a  third  of  its  weight, 
“  and  the  lixiviation  wafhes  out  half  the  remainder. 

“  With  what  remains  thus  calcined,  wafhed, 
61  and  dried,  mix  half  its  weight  of  gravel,  or  yel- 

thefe  evaporations,  together  with  fome  confiderable  improve¬ 
ments  in  the  ftruéture  and  difpofition  of  the  buildings  necefTary 
for  that  purpofe.  They  are  called  by  the  French  Batiments  de 
Graduation  ;  which  may  properly  enough  be  rendered  Brine- 
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low  freeftone  rafped,  having  lifted  out  and  thrown 
away  all  the  fineft  particles,  River-fand  is  not 
proper  on  this  occafion,  becaufe  it  flies  in  a  hot 
Are.  Then  add  to  this  mixture  a  fixteenth  part  of 
its  weight  of  charcoal,  made  of  beech,  or  of  any 
other  wood  except  oak,  becaufe  that  alfo  flies. 
Moiften  the  whole  with  as  much  water  as  will 
bring  it  to  a  fbff  pafte,  by  working  and  kneading 
it  witii  your  hands  :  now  introduce  it  into  your 
iLtOit,  taking  care  not  to  daub  its  neck.  The  re¬ 
tort  muft  be  of  the  bell  earth,  and  of  fuch  a  fize, 

that  when  your  matter  is  in  it,  a  full  third  thereof 
fhall  Hill  be  empty, 

a  iace  your  retort,  thus  charged,  in  a  reverbe¬ 
rating  fin  nace,  fo  proportioned,  that  there  may 
be  an  inter  val  oi  two  inches  ail  round  between  the 
Tides  of  the  furnace  and  the  bowl  of  the  retort, 
even  where  it  contrats  to  form  the  neck,  which 
fhould  ll^nd  inclined  at  an  angle  of  flxty  degrees. 
Stop  all  the  apertures  of  the  furnace,  except  the 
doors  of  the  fire-place  and  alb-hole. 

i  retort  a  large  glafs  ballon  two 

thirds  full  of  water,  and  lute  them  together,  as 
in  diftilling  the  Smoking  Spirit  of  Nitre.  In  the 
hinder  part  pf  this  ballon,  a  little  above  the  furv 
face  or  the  water,  a  fmall  hole  muft  be  bored. 
1  his  hole  is  to  be  flopped  with  a  fmall  peo-  of 
birch- wood,  which  muft  flip  in  and  out  venTea- 
lily,  and  have  a  fmall  knob  to  prevent  its  falling 
into  the  ballon.  1  his  peg  is  to  be  pulled  out  from 
time  lo  time,  that  by  applying  the  hand  to  the 
hole  it  may  be  kpown  whether  the  air,  rarefied 

by  the  heat  of  the  retort,  iffues  out  with  too 
much  or  too  little  force. 

If  the  air  rufhes  out  with  too  much  rapidity 
and  with  a  hiding  noife,  the  door  of  the  alb-hole 
muu  be  entirely  fhut,  in  order  to  flacken  the  fire, 
h  it  do  not  ftrrke  pretty  fmartly  againft  the  hand, 

u  that 
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«  that  door  mufl  be  opened  wider,  and  large  coals 
thrown  into  the  fire-place  to  quicken  tne  hie  im- 
“  mediately. 

The  operation  ufually  lafls  four  and  twenty 
66  hours  *,  and  the  following  figns  fhew  that  it  will 
iC  fucceed,  provided  the  retort  refill  the  hre. 

cc  You  mufl  begin  the  operation  with  putting 
<C  fome  unlighted  charcoal  in  the  afh-hole,  and  a 
“  little  lighted  charcoal  at  the  door  thereof,  in  or- 
«  der  to  warm  the  retort  very  (lowly.  When  the 
«  whole  is  kindled,  pufh  it  into  the  afh-hole,  and 
«  clofe  the  door  thereof  with  a  tile.  1  his  moderate 
“  heat  brings  over  the  phlegm  of  the  mixture.  The 
“  fame  degree  of  fire  mufl  be  kept  up  four  hours, 

“  after  which  fome  coals  may  be  laid  on  the  grate  ot 
«  the  fire-place,  which  the  hre  underneath  will  kin- 
i  6  çjje  by  decrees .  With  this  fécond  heat  brought 
“  nearer  the°retort,  the  ballon  grows  warm,  and  is 
«<  filled  with  white  vapours,  which  have  the  imell  ot 
“  fetid  oil!  In  four  hours  after  this  veffel  will  grow 
“  cool  and  clear  -,  and  then  you  muft  open  the  door 
“  of  the  afh-hole  one  inch,  throw  frefli  coals  into 
“  the  fire-place  every  three  minutes,  and  every  time 
«  fliut  the  door  of  it,  left  the  cold  air  from  without 
«(  Ihould  ftrikc  againtt  the  bottom  ot  the  retort  and 

“  crack  it. 

“  When  the  fire  has  been  kept  up  to  this  degree 
“  for  about  two  hours,  the  infide  of  the  ballon  be- 
«  gins  to  be  netted  over  with  a  volatile  fait  of  a 
»  fingular  nature,  which  cannot  be  driven  up  but 
by  a  very  violent  fire,  and  waich  fmells  pretty 
“  ftrong  of  peach-kernels'.  Care  muft  be  taken 
««  that  fhis  concrete  fait  do  not  ftop  the  little  hole  in 
“  the  ballon  :  for  in  that  cale  it  would  burft,  the 
46  retort  being  then  red-hot,  and  the  air  exceeding  y 
“  rarefied.  The  water  in  the  ballon,  being  heated 
«  by  the  vicinity  of  the  furnace,  exhales  vapours 

S  4*  w. 
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‘‘  which  diir°lve  this  fprigged  fait,  and  the  ballon 
clears  up  in  half  an  hour  after  it  has  ceafed  rifing. 
“  In  about  three  hours  from  the  firft  appearance 
of  this  fait,  the  ballon  is  again  filled  with  new  va- 
**  pours,  which  fmell  like  Sal  Ammoniac  thrown 
upon  burning  coals.  They  condenfe  on  the  Tides 
of  the  receiver  into  a  fait  which  is  not  branch- 
*  ed  hke  the  former,  but  appears  in  long  perpendi- 
“  Cldar  freaks,  which  the  vapours  of  the  water  do 
not  diflbîve,  Thefe  white  vapours  are  the  fore¬ 
runners  of  the  Phofphorus,  and  a  little  before  they 
ceafe  t0  rife  they  lofe  their  firft  fmell  of  Sal  Am¬ 
moniac,  and  acquire  the  odour  of  garlick. 

“  As  they  afcend  with  great  rapidity,  the  little 
^  hole  mu  ft  be  frequently  opened,  to  obferve  whe- 
“  fher  the  hiding  be  not  too  flrong  ;  for  in  that  cafe 
■  ‘  it  would  be  neceflary  to  Huit  the  door  of  the  alh- 
t  hole  quite  clofe.  I  hefe  white  vapours  continue 
rwo  hours.  When  you  find  they  ceafe  rifing, 
“  make  a  fmall  paffage  through  the  dome,  by  open- 
'  [ng  home  of  its  regifters,  that  the  flame  may  juft 
^egin  to  draw.  Keep  up  the  fire  in  this  mean 

^  i ate  till  tne  fiifl  volatile  Phofphorus  begin  to  ap¬ 
pear  j 

lins  appears  in  about  three  hours  after  the 
white  vapours  firft  begin  to  rile.  In  order  to  dif- 
‘‘  cover  it,  pull  out  the  little  birchen  peg  once  eve- 
tninu^5  and  rub  it  againft  fome  hot  part  of  the 
êC  limace,  where  it  will  leave  a  trail  of  fio-ht  if 
65  there  be  any  Phofphorus  upon  it.  &  ? 

Soon  after  you  obferve  this  fign,  there  will  if- 
"  lue  out  through  the  little  hole  of  the  ballon  a 
^  ft  ream  of  blueifh  light,  which  continues  of  a 
*s  greater  or  fhorter  extent  to  the  end  of  the  opera- 
“  non‘  Phis  ftream  or  fpout  of  light  does  not  burn, 
f?  if  y°u  hold  your  finger  againft  it  for  twenty  or 

??  thirty  féconds,  the  light  will  adhere  to  it;  and  if 

*-»  *  * 
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44  you  rub  that  finger  over  your  hand,  the  light 
44  will  befmear  it,  and  render  it  luminous. 

44  But  from  time  to  time  this  ftreamer  darts  out 
44  to  the  length  of  feven  or  eight  inches,  flapping 
44  and  emitting  fparks  of  fire  ;  and  then  it  burns  all 
44  combuflible  bodies  that  come  in  its  way.  When 
44  you  obferve  this,  you  muff  manage  the  fire  very 
44  warily,  and  (hut  the  door  of  the  afh-hole  quite 
44  clofe,  yet  without  ceafing  to  throw  coals  into  the 
44  fire-place  every  two  minutes. 

44  The  Volatile  Phofphorus  continues  two  hours  ; 
44  after  which  the  little  fpout  of  light  contracts  to 
44  the  length  of  a  line  or  two  :  and  now  is  the  time 
44  for  pufhing  your  fire  to  the  utmofl  :  immediately 
44  fet  the  door  of  the  afh-hole  wide  open,  throw  bil- 
44  lets  of  wood  into  it,  unflop  all  the  regiflers  of  the 
44  reverberatory,  fupply  the  fire-place  with  large 
44  coals  every  minute  :  in  fliort,  for  fix  or  feven 
44  hours  all  the  in  fide  of  the  furnace  mu  ft  be  kept 
44  of  a  white  heat,  fo  that  the  retort  fhall  not  be 
44  diftinguifhable. 

44  In  this  fierce  extremity  of  heat  the  true  Phof- 
44  phorus  diftills  like  an  oil,  or  like  melted  wax  : 
*4  one  part  thereof  floats  on  the  water  in  the  reci- 
44  pient,  the  other  falls  to  the  bottom.  At  lafl, 
44  the  operation,  is  known  to  be  quite  over  when  the 
^4  upper  part  of  the  ballon,  in  which  the  volatile  Phof- 
44  phorus  appears  condenfed  in  a  blackifb  film,  begins 
44  to  grow  red  :  for  this  fhews  that  the  Phofphorus  is 
44  burnt  where  the  red  fpot  appears.  You  mufl  now 
*4  flop  all  the  regiflers,  and  finit  all  the  doors  of  thefur- 
44  nace,in  order  to  fmother  the  fire  ;  and  then  clofe  up 
44  the  little  hole  in  the  ballon  with  fat  lute  or  bees- 
44  wax.  In  this  condition  the  whole  mufl  be  left 
44  for  two  days  ;  becaufe  the  vefiels  mufl  not  be  fe- 
44  parated  till  they  are  perfectly  cold,  left  the  Phof- 
*4  phorus  fhould  take  fire. 


44  As 


22.6  Elements  of  the 

44  As  foon  as  the  fire  is  out,  the  ballon,  which  is 
44  then  in  the  dark,  prefents  a  molt  agreeable  objedt  : 
44  all  the  empty  part  thereof  above  the  water  feems 
44  filled  with  a  beautiful  blue  light  ;  which  conti- 
44  nues  for  feven  or  eight  hours,  or  as  long  as  the 
44  ballon  keeps  warm,  never  difappearing  till  it  is 
44  cooled. 

4t  When  the  furnace  is  quite  cold  take  out  the 
44  vefiels,  and  feparate  them  from  each  other  as 
44  neatly  as  poflibîe.  With  a  linen  cloth  wipe  away 
44  all  the  black  Huff  you  find  in  the  mouth  of  the 
44  ballon  -,  for  if  that  filth  fhould  mix  with  the  Phof- 
44  phorus,  it  would  hinder  it  from  being  tranfpa- 

44  rent  when  moulded.  This  muff  be  done  with 

45  great  expedition  :  after  which  pour  into  the  bai- 
44  Ion  two  or  three  quarts  of  cold  water,  to  accele- 
44  rate  the  precipitation  of  the  Phofphorus  that 
44  fwimsat  top.  Then  agitate  the  water  in  the  bal- 
44  Ion,  to  rinfe  out  all  the  Phofphorus  that  may 
44  flick  to  the  Tides  ;  pour  out  all  the  v/ater  thus 
44  fhaken  and  turbid,  into  a  very  clean  earthen  pan, 
84  and  let  it  ftand  till  it  grows  clear.  Then  decant 
44  this  firft  ufelefs  water,  and  on  the  blackifh  fedi- 
44  ment,  left  at  the  bottom  of  the  pan,  pour  fome 
44  boiling  water  to  melt  the  Phofphorus  ;  which 
44  thereupon  unites  with  the  fuliginous  matter,  or 
44  volatile  Phofphorus,  that  precipitated  yyuuit,  Doth 
44  together  forming  a  mafs  of  the  colour  of  date. 
44  W  hen  this  water,  in  which  you  have  melted  the 
44  Phofphorus,  is  cool  enough,  take  out  the  Phof- 
44  phorus,  throw  it  into  cold  water,  and  therein 
44  break  it  into  little  bits  in  order  to  mould  it. 

44  Then  take  a  matras,  having  a  long  neck 
44  fomewhat  wider  next  the  body  than  at  its  mouth  : 
44  cut  off  half  the  body,  fo  as  to  make  a  funnel  of 
44  the  neck- part,  the  fmaller  end  of  which  muft  be 
44  flopped  with  a  cork.  The  firft  mould  being 
44  thus  prepared,  plunge  it  end  wife,  with  its 

44  mouth 
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“  mouth  uppermoft,  in  a  veffel  full  of  boiling  water, 

“  and  fill  it  with  that  water.  Into  this  funnel  throw 
“  the  little  bits  of  your  flate-like  mafs,  which  will 
“  melt  again  in  this  hot  water,  and  fall  fo  melted 
“  to  the  bottom  of  the  tube.  Stir  this  melted  mat- 
“  ter  with  an  iron  wire,  to  promote  the  feparation 
“  of  the  Phofphorus  from  the  fuliginous  matter 
“  with  which  it  is  fouled,  and  which,  being  lefs 
“  ponderous  than  the  Phofphorus,  will  gradually 
“  rife  above  it  towards  the  upper  part  of  the  cy- 
“  linder. 

“  Keep  the  water  in  the  velfel  as  hot  as  at  firft, 
“  till  on  taking  out  the  tube  you  fee  the  Phofpho- 
“  rus  clean  and  transparent.  Let  the  clear  tube 
“  cool  a  little,  and  then  fet  it  in  cold  water,  where 
“  the  Phofphorus  will  congeal  as  it  cools.  When 
“  it  is  perfectly  congealed,  pull  out  the  cork,  and 
“  with  a  fmall  rod,  near  as  big  as  the  tube,  pufh  the 
“  cylinder  of  Phofphorus  towards  the  mouth  of  the 
“  funnel,  where  the  feculency  lies.  Cut  off  the 
“  black  part  of  the  cylinder,  and  keep  it  apart  :  for 
“  when  you  have  got  a  quantity  thereof,  you  may 
“  melt  it  over  again  in  the  fame  manner,  and  fepa- 
“  rate  the  clean  Phofphorus  which  it  ftill  contains. 
“  As  to  the  reft  of  the  cylinder  which  is  clean  and 
“  tranfparent,  if  you  intend  to  mould  it  into  fmaller 
“  cylinders,  you  may  cut  it  in  Pices,  and  melt  it 
“  again  by  the  help  of  boiling  water  in  glafs  tubes 

ot  lmaller  dimenfions.” 

' 

OBSERVA?  IONS. 


This  procefs  for  making  Phofphorus  is  copied 
from  the  Memoirs  of  the  Academy  of  Sciences  for 
the  Year  1737  -,  where  it  is  defended  by  M.  Hellot, 
with  fo  much  accuracy,  clearnefs,  and  precifion, 
that  I  thought  I  could  not  do  better  than  tranferibe 
it,  without  departing  from  the  author’s  own  expref- 
fions,  for  the  fake  of  fuch  as  may  not  have  thofe 

Memoirs* 
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Memoirs.  We  fhall  take  occafion,  in  thefe  obftrva- 
tions,  to  point  out  fome  efifential  circumftances  which 
I  have  omitted  in  the  defeription  of  the  Procefs,  that 
I  might  not  break  the  connection  between  the  phe¬ 
nomena  that  happen  in  the  courfe  of  this  experiment. 

It  is  proper  to  obferve,  in  the  firft  place,  that  one 
of  the  molt  ufual  caufes  of  mifearriage  in  this  ope¬ 
ration  is  a  defect  of  the  requifite  qualities  in  the  re» 
tort  employed.  It  is  abfolutely  necefiary  to  have  that 
veffel  made  of  the  belt  earth,  and  fo  well  made  that 
it  fhall  be  capable  of  refilling  the  utmoft  violence  of 
fire,  continued  for  a  very  long  time  ;  as  appears  by 
the  defeription  of  the  procefs.  I  he  retorts  common¬ 
ly  fold  by  potters,  and  other  earthen  ware-men,  are 
not  fit  for  this  operation;  and  Mr  Hellot  was  ob¬ 
liged  to  fend  to  Heiïë-Cafiel  for  fuch  as  he  want 
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We  fhall,  in  the  fécond  place,  obferve  with 
M.  Hellot  that,  before  you  fet  your  retort  in 
the  furnace,  it  is  proper  to  make  an  effay  of  your 
matter,  to  fee  if  there  be  reafon  to  hope  for  fuc- 
cefs.  For  this  purpofe  put  about  an  ounce  there¬ 
of  into  a  fmall  crucible,  and  heat  it  till  the  velfel 
be  red.  The  mixture,  after  having  fmoked, 
ought  to  chop  or  crack  without  puffing  up,  or  e« 
ven  rifing  in  the  leaft.  From  thefe  cracks  will  iffue 
undulating  flames,  white  and  blueifh,  darting  up¬ 
wards  with  rapidity.  This  is  the  firft  volatile 
Phofphorus,  which  occafions  all  the  danger  of 
the  operation.  When  thefe  firft  flalhes  are  over, 
increafe  the  heat  of  your  matter  by  laying  a  large 
live  coal  upon  the  crucible.  You  will  then  fee 
the  fécond  Phofphorus,  like  a  luminous,  fteady 
vapour,  of  a  colour  inclining  to  violet,  covering 
the  whole  furface  of  the  matter  :  it  continues  fo? 
a  very  long  time,  and  diffufes  a  fmell  of  garlick, 
which  is  the  diftinguiffiing  odour  of  the  Phofpho¬ 
rus  you  are  feeking. 
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When  this  luminous  vapour  is  entirely  gone, 
pour  the  red  hot  matter  out  of  the  crucible  upon 
fic  an  iron  plate.  If  you  do  not  find  one  drop  of  fait 
in  fufion,  but  that,  on  the  contrary,  the  whole  falls 
readily  into  powder,  *tis  a  proof  that  your  mat- 
ter  was  fufficiently  lixiviated,  and  that  it  contains 
f‘  no  more  fixed  Salt,  or  Sea-falt,  if  you  will,  than 
is  requifite.  If  you  find  on  the  plate  a  drop  of 
“  fait  coagulated,  it  (hews  that  there  is  too  much 
left  in  it,  and  that  there  is  danger  of  your  mifcar- 
<c  rying  in  the  operation;  becaufe  the  redundant 
cc  fait  would  corrode,  and  eat  through  the  retort. 

In  this  cafe  your  matter  muft  be  wafhed  again, 
Cî  and  then  fufficiently  dried.” 

Our  third  obfervation  ffiall  be  concerning  the  fur¬ 
nace  proper  to  be  employed  in  this  operation.  This 
furnace  muff  be  fo  conftruéled,  that  within  a  nar¬ 
row  compafs  it  may  give  a  heat  at  leaf!  equal  to  that 
of  a  glafs-houfe  furnace,  or  rather  greater,  efpecially 
during  the  laft  feven  or  eight  hours  of  the  operati¬ 
on.  M.  Hellot  in  his  Memoir  gives  an  exact  de- 
icription  of  ffich  a  furnace. 

“  As  certain  accidents  may  happen  in  the  courfe 
of  the  operation,  fome  precautions  are  to  be  taken 
44  againft  them.  For  inftance,  if  the  ballon  ffiould 
44  break  while  the  Phofphorus  is  diftilling,  and  any 
of  it  ffiould  fall  on  combuftible  bodies,  it  would 
44  fet  them  on  fire,  and  probably  burn  the  laborato- 
c<  ry,  becaufe  it  is  not  to  be  extinguifhed  without  the 
“  greatefl  difficulty.  The  furnace  muft  therefore  be 
44  eroded  under  fome  vault,  or  upon  a  bed  of  brick- 
ct  work  raifed  under  fome  chimney  that  draws  wrell  ; 

nor  muft  any  furniture  or  utenfil  of  wood  be  left 
“  near  it.  If  a  little  flaming  Phofphorus  fhould  fall 
64  on  a  man’s  legs  or  hands,  in  lefs  than  three  mi- 
notes  it  would  burn  its  wray  to  the  very  bone.  In 
44  fuch  a  cafe  nothing  but  urine  will  flop  its  progrefs. 

46  If 
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“  If  the  retort  crack  while  the  Phofphorus  is 
*c  diftilling,  there  is  an  unfuccefsful  end  of  your 
“  operation.  It  is  eafy  to  perceive  this  by  the  ftink 
“  of  gar  lick  which  you  will  fmell  about  the  fur- 
tc  nace  ;  and  moreover,  the  flame  that  iffiies  thro9 

the  apertures  of  the  reverberatory  will  be  of  a 
“  beautiful  violet  colour.  The  Acid  of  Sea-falt  al- 
<c  ways  gives  this  colour  to  the  flame  of  fuch  matters 
4C  as  are  burnt  along  with  it.  But  if  the  retort 
<c  break  before  the  Phofphorus  hath  made  its  ap- 
4C  pearance,  its  contents  may  be  faved  by  throwing 
*c  a  number  of  cold  bricks  into  the  fire-place,  and 
tc  upon  them  a  little  water  to  quench  the  fire  at 
cc  once.99  All  thefe  ufeful  obfervations  we  owe  alio 
to  M.  Hellot. 

The  Phofphorus  here  defcribed  was  firft  difcover- 
ed  by  a  citizen  of  Hamburgh  named  Brandt,  who 
worked  upon  urine  in  feafch  of  the  Philofopher’s 
Hone.  Afterwards  two  other  fkilful  Chymifts,  who 
knew  nothing  more  ot  the  procefs  than  that  Phof¬ 
phorus  was  obtained  from  urine,  or  in  general  from 
the  human  body,  like  wife  endeavoured  to  difcover  it; 
and  each  of  them  feparately  did  actually  make  the 
difcovery.  Thefe  two  Chymifts  were  Kunckel  and 
Boyle. 

The  former  perfected  the  difcovery,  and  found 
out  a  method  of  making  it  in  confiderable  quantities 
at  a  time  ;  which  oceafioned  it  to  be  called  Kunckel' s 
Phofphorus .  The  other,  who  was  an  Englifh  gen¬ 
tleman,  had  not  time  to  bring  his  difcovery  to  per¬ 
fection,  and  contented  himfelf  with  lodging  a  vou¬ 
cher  of  his  having  difcovered  it  in  the  hands  of  the 
Secretary  of  the  Royal  Society  of  London,  who  gave 
him  a  certificate  thereof. 

“  Though  Brandt,  fays  M.  Hellot,  who  had  be- 
cc  fore  this  Ibid  his  fecret  to  a  Chymift  named  Krafft, 
“  fold  it  afterwards  to  feveral  other  perfects,  and  e- 
“  ven  at  a  very  low  rate;  and  though  Mr  Boyle 

“  publifh- 
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44  publifhed  the  procefs  for  making  it  ;  yet  it  is  ex- 
“  rremely  probable  that  both  of  them  kept  in  their 
44  own  hands  the  mafter-key  ;  I  mean,  the  partial- 
44  iar  management  neceffary  to  make  the  operation  fiu- 
44  ceed  :  for  till  Kunckel  found  it  out,  no  other  Chy- 
44  mill  ever  made  any  confiderable  quantity  thereof, 

44  except  Mr.  Godfrey  Hankwitz,  an  Engliih  Chy- 
44  mift,  to  whom  Mr.  Boyle  revealed  the  whole 
44  myftery. 

44  Nevertheless,  continues  ke,  we  are  very  far 
44  from  alledging  that  all  thofe  who  have  defcribed 
44  this  operation  meaned  to  impofe  upon  the  world  : 
44  but  we  conceive  that  mod:  of  them  having  obferv- 
44  ed  luminous  vapours  in  the  ballon,  and  fome 
44  fparks  about  the  juncture  of  the  veflels,  were  con- 
44  tented  with  thofe  appearances.  And  thus  it  came 
44  to  pafs,  that,  after  Kunckel  and  Boyle  died,  M. 
44  Godfrey  Hankwitz  was  the  only  Chymift  that 
44  could  ilipply  Europe  therewith  ;  on  which  ac- 
44  count  it  is  likewife  very  well  known  by  the  name 
44  of  Englijh  Phofphorus .3J 

Almoft  all  the  Chymifts  confider  Phofphorus  as  a 
fubftance  confiding  of  the  Acid  of  Sea-falt  com» 
bined  with  the  Phlogifton,  in  the  fame  manner  as 
Sulphur  conflits  of  the  Vitriolic  Acid  combined 
with  the  Phlogifton.  This  opinion  is  founded  on  the 
following  principles. 

Firit,  Urine  abounds  with  Sea-falt,  and  contains 
alfo  a  great  deal  of  Phlogifton  :  now  thefe  are  the 
ingredients  of  which  they  conjecture  Phofphorus  to 
be  compofed. 

Secondly,  Phofphorus  has  many  of  the  properties 
of  Sulphur;  fuchas  being  fbluble  in  oils;  melting  with 
a  gentle  heat  ;  being  very  combuftible  ;  burning 
■without  any  foot  ;  giving  a  vivid  and  blueifh  flame; 
and  laftly,  leaving  an  acid  liquor  when  burnt  :  fen» 
ft-ble  proofs  that  it  differs  from  Sulphur  in  nothing 
but  the  nature  of  its  Acid, 


1 


Thirdly, 
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Thirdly,  this  Acid  of  Phofphorus,  being  mixed 
with  a  folution  of  filver  in  Spirit  of  Nitre,  precipi¬ 
tates  the  filver,  and  this  precipitate  is  a  true  Luna 
cornea ,  which  appears  to  be  more  volatile  even  than 
the  common  fort;  as  M.  Hellot  tells  us,  who  made 
the  experiment.  This  fact  proves  inconteftably  that 
the  Acid  of  Phofphorus  is  of  the  fame  nature  with 
that  of  Sea- fait  :  for  all  Chymifls  know  that  the 
property  of  precipitating  filver  in  a  Luna  cornea  be¬ 
longs  to  the  Marine  Acid  only. 

Fourthly,  M.  Stahl  obferves  that,  if  Sea -fait  be 
call  on  live  coals,  they  inftantly  burn  with  great  acti¬ 
vity  ;  that  they  emit  a  very  vivid  flame,  and  are 
rnuch  fooner  confumed  than  if  none  of  this  Salt  had 
touched  them  ;  that  Sea-falt  in  fubftance,  which 
will  bear  the  violence  of  fire  a  confiderable  time 
when  fufed  in  a  crucible,  without  fuftaining  any  fen- 
fible  diminution,  yet  evaporates  very  quickly,  and 
is  reduced  to  white  flowers,  by  the  immediate  con- 
tad  of  burning  coals  ;  and  laftly,  that  the  flame 
which  riles  on  this  occafion  is  of  a  blue  colour  in* 
dining  to  violet,  efpecially  if  it  be  not  thrown  di- 
reClly  on  the  coals  themfeives,  but  kept  in  fufioii 
amidfi:  burning  coals,  in  a  crucible  fo  placed  that 
the  vapour  of  the  Salt  may  join  with  the  enflamed 
Phlogifton  as  it  rifes  from  the  coals. 

Thefe  experiments  of  Mr  Stahl’s  prove  that  thé 
Phlogiflon  ads  upon  the  Acid  of  Sea-falt,  even 
While  it  is  combined  with  its  alkaline  bafis.  The 
flame  that  appears  on  this  occafion  may  be  confider- 
ed  as  an  impeded  Phofphorus  :  and  indeed  its  co¬ 
lour  is  exadly  like  that  of  Phofphorus. 

All  the  fads  above  related  evince  that  the  Acid 
of  Phofphorus  is  akin  to  that  of  Sea-falt  ;  or  rather 
that  it  is  the  very  fame.  But  there  are  other  facts 
which  prove  that  this  Acid  undergoes  fome  change 
atleaft,  fome  peculiar  preparation,  before  it  enters 
into  the  compofition  of  a  true  Phofphorus,  and  that, 

when 
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when  extricated  therefrom  by  burning,  it  is  not 
a  pure  Add  of  Sea- fait,  but  is  ftill  adulterated 
with  a  mixture  ôf  fome  other  fu bilance,  which 
makes  it  confiderably  different  from  that  Acid.  For 
thefe  obfervations  we  are  obliged  to  M.  Marggraff, 
of  the  Academy  of  Sciences  at  Berlin,  a  celebrated 
Chymifl.  I  fhall  prefently  give  an  account  of  his 
principal  experiments  as  fuccindtly  as  poifible. 

M.  Marggraff  hath  alfo  publifhed  a  procefs  for 
making  Phofphorus,  and  allures  us  that  by  means 
thereof  we  may  obtain  in  lefs  time,  with  lefs  heat, 
lefs  trouble,  and  lefs  expence,  a  greater  quantity  of 
Phofphorus  than  by  any  other  method*  His  opera¬ 
tion  is  this  : 

He  takes  two  pounds  of  Sal  Ammoniac  in  pow¬ 
der,  which  he  mixes  accurately  with  four  pounds  of 
Minium.  This  mixture  he  puts  into  a  giafs  retort, 
and  with  a  graduated  fire  draws  off  a  very  fharp, 
volatile,  urinous  fpirit. 

We  obferved  in  our  theoretical  Elements  that  fome 
metallic  fub fiances  have  the  property  of  decompofe- 
ing  Sal  Ammoniac,  and  feparating  its  volatile  Al¬ 
kali  ;  concerning  which  phenomenon  we  there  gave 
our  opinion.  Minium,  which  is  a  calx  of  lead,  is  one 
of  thofe  metallic  fubflances.  In  this  experiment  it 
decompofes  the  Sal  Ammoniac,  and  feparates  its  vo¬ 
latile  Alkali  :  what  remains  in  the  retort  is  a  combi¬ 
nation  of  the  Minium  with  the  Acid  of  the  Sal  Am¬ 
moniac,  which  is  well  known  to  be  the  fame  with 
the  Marine  Acid  ;  and  confequently  the  refidue  of 
this  operation  is  a  fort  of  Plumbum  corneum * 

The  quantity  thereof  is  four  pounds  eight  ounces. 
Of  this  he  mixes  three  pounds  with  nine  or,  ten 
pounds  of  urine,  that  has  flood  putrefying  for  two 
months,  evaporated  to  the  confidence  of  honey, 
Thefe  he  mixes  by  little  and  iittle  in  an  iron  pan  o~ 
ver  the  fire,  flirring  the  mixture  from  time  to  time. 
Then  he  adds  half  a  pound  of  charcoal  dull,  and 
Vql*  1,  T  cvapo* 
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evaporates  the  matter,  kept  continually  ftirring,  till 
the  whole  be  brought  to  a  black  powder.  He  next 
diftills  the  mixture  in  a  glafs  retort  with  degrees  of 
fire,  which  he  raifes  towards  the  end  fb  as  to  make 
the  retort  red  hot,  in  order  to  expell  all  the  urinous 
fpirit,  fuperflnous  oil,  and  ammoniacal  fait.  The 
diftillation  being  finifhed,  there  remains  nothing  in 
the  retort  but  a  very  friable  caput  mortuum. 

This  remainder  he  pulverifes  again,  and  throws  a 
pinch  thereof  on  live  coals,  thereby  to  difcover  whe¬ 
ther  or  no  the  matter  be  rightly  prepared,  and  in 
order  for  yielding  Phofphorus.  If  it  be  fo,  it  pre- 
fend  y  emits  an  arfenical  odour,  and  a  blue  undulat¬ 
ing  flame,  which  pafles  over  the  furface  of  the  coals 
like  a  wave. 

Being  thus  allured  of  the  fuccefs  of  his  operation, 
he  puts  one  half  of  his  matter,  in  three  equal  parts,  into 
three  fmail  earthen  German  retorts,  capable  of  hold¬ 
ing  about  eighteen  ounces  of  water  a-piece.  Thefe 
three  retorts,  none  of  which  is  above  three  quarters 
full,  he  places  together  in  one  reverberatory  fur¬ 
nace,  built  much  like  thofe  we  have  defcribed,  ex¬ 
cept  that  it  is  fo  conftrudted  as  to  hold  the  three  re¬ 
torts  difpofed  in  one  line.  To  each  retort  he  lutes  a 
recipient  fomething  more  than  half  full  of  water,  or¬ 
dering  the  whole  in  fuch  a  manner,  that  the  nofes 
of  his  retorts  almoft  touch  the  furface  of  the  water. 

Fie  begins  the  diftillation  with  warming  the  re¬ 
torts  flowiy,  for  about  an  hour,  by  a  gentle  heat. 
When  that  time  is  elapfed  he  raifes  the  fire  gradually, 
fo  that  in  half  an  hour  more  the  coals  begin  to  touch 
the  bottoms  of  the  retorts.  He  continues  throwing 
coals  into  the  furnace  by  little  and  little,  till  they  rife 
half  way  the  heighth  of  the  retorts  ;  and  in  this  he 
employs  another  half  hour.  Laftly,  in  the  next  half 
hour  he  raifes  the  coals  above  the  bowls  of  the  retorts. 

Then  the  Phofphorus  begins  to  afcend  in  clouds  : 
©n  this  he  inftantly  increafes  the  heat  of  the  fire  as 

much 
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touch  as  poflible,  filling  the  furnace  quite  up  with 
coals,  and  making  the  retorts  very  red.  This  de¬ 
gree  of  fire  caufes  the  Phofphorus  to  diftill  in  drops 
which  fall  to  the  bottom  of  the  water.  He  keeps 
up  this  intenfe  heat  for  an  hour  and  half,  at  the 
end  of  which  the  operation  is  finifhed  ;  fo  that  it  lafts 
but  four  hours  and  a  half  in  all  :  nay,  he  further 
allures  us  that  an  artift,  well  verfed  in  managing  the 
fire,  may  perform  it  in  four  hours  only.  In  the  fame 
manner  he  diftiils  the  fécond  moiety  of  his  mixture 
in  three  other  fuch  retorts. 

The  advantage  he  finds  in  making  ufe  of  feveral 
fmall  retorts,  inftead  of  a  fingîé  large  one,  is  that 
the  heat  penetrates  them  with  more  eafe,  and  thé 
operation  is  performed  with  lefs  fire,  and  in  lefs 
time.  He  purifies  and  moulds  his  Phofphorus  much 
in  the  fame  manner  as  M.  Hellot  does.  From  the 
quantity  of  ingredients  above-mentioned,  he  obtains 
two  ounces  and  a  half  of  fine  cryflalline  moulded 
Phofphorus. 

M.  Marggraff  confidering,  as  a  confequence  of  the 
experiments  above  related,  that  a  highly  concentra¬ 
ted  Acid  of  Sea- fait  contributes  greatly  towards  the 
formation  of  Phofphorus,  proceeded  to  try  feveral 
other  experiments,  in  which  he  employed  that  Acid 
in  a  ftate  of  combination  with  other  bafes.  He 
mixed,  for  inftance,  an  ounce  of  Luna  cornea  with 
an  ounce  and  half  of  putrefied  and  infpifTatecl  urine, 
and  from  the  mixture  obtained  a  very  beautiful 
Phofphorus. 

In  fhort,  the  feveral  experiments  mentioned  hav¬ 
ing  thoroughly  perfhaded  him  that  the  Acid  of  Sea» 
fait,  provided  it  were  highly  concentrated,  would 
combine  with  the  Phlogifton  as  readily  as  the  Vitri¬ 
olic  Acid  does,  he  refolved  to  try  whether  he  could 
not  make  Phofphorus  with  matters  containing  that 
Acid  and  the  Phlogifton,  without  making  ufe  of  any 
Ui'ine. 

T  2  With 
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With  this  view  he  made  a  great  number  of  dif¬ 
ferent  trials,  wherein  he  employed  Sea- fait  in  fub- 
ftance,  Sal  Ammoniac,  Plumbum  corneum,  Lu¬ 
na  cornea,  fixed  Sal  Ammoniac,  otherwile  called 
Oil  cf  Lime.  T’hefe  feveral  lu  b  fiances,  all  of  which 
contain  the  Acid  of  Sea- fait,  he  mixed  with  fundry 
matters  abounding  in  Phlogiflon,  different  vegetable 
coals,  and  even  animal  matters,  fuch  as  the  oil  of 
hartfhorn,  human  blood,  &c.  varying  the  propor¬ 
tions  of  thefe  fubflances  many  different  ways,  without 
ever  being  able  to  produce  a  fmgle  atom  of  Phof¬ 
phorus':  which  gave  this  able  Chymifl  jufl  caufe  to 
fufpedl  that  the  Marine  Acid,  while  pure  and  crude, 
is  not  capable  of  combining  with  the  Phlogiflon  in 
the  manner  requisite  to  form  a  Phofphorus  ;  that 
for  this  purpofe  it  is  neceffary  the  Acid  fhould  have 
contracted  a  previous  union  with  fame  other  matter  \ 
and  that  the  Acid  found  in  Urine  hath  probably  un¬ 
dergone  the  neceffary  change.  M.  Marggraff  is  of 
opinion  that  the  matter,  which  by  its  union  renders 
the  Marine  Acid  capable  of  entering  into  the  com- 
pofition  of  Phofphorus,  is  a  fort  of  exceedingly  fub- 
tile  vitrifiable  earth.  The  experiments  he  made  up¬ 
on  the  Acid  of  Phofphorus  will  (hew  that  his  notion 
is  not  altogether  groundlefs.  M.  Marggraff  having 
let  fome  urine,  evaporated  to  the  confidence  of  ho¬ 
ney,  fland  quiet  in  a  cool  place,  obtained  from  it, 
by  cryflallization,  a  Salt  of  a  fingular  nature.  By 
diflilling  this  urine  afterwards,  he  fatisfied  himfelf 
that  it  yielded  him  much  Iefs  Phofphorus  than 
urine  from  which  no  Salt  had  been  extracted  ; 
and  as  it  cannot  be  entirely  deprived  of  this  Salt,  he 
thinks  that  the  fmall  quantity  of  Phofphorus  which 
this  urine  yielded  hi&i  came  from  the  Salt  that  was 
flill  left  in  it. 

Further,  he  diflilled  this  Salt  feparately  with  lamp- 
black,  and  obtained  from  it  a  confiderable  quantity 
of  very  fine  Phofphorus..  He  even  mixed  Luna  cor¬ 
nea 
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ma  with  this  Sait,  in  order  to  fee  whether  it  would 
not  increafe  the  quantity  of  his  Phofphorus  -,  but 
without  luccefs  :  whence  he  concluded  that  in  this 
Saline  matter  refides  the  true  Acid  that  is  fit  to  en¬ 
ter  into  the  compofition  of  Phofphorus.  This  opi¬ 
nion  is  confirmed  by  feveral  experiments  on  the 
Acid  of  Phofphorus,  which  he  found  to  have  feme 
properties  refembling  thofe  of  this  Salt. 

The  Acid  of  Phofphorus  feems  to  be  more  fixed 
than  any  other:  and  therefore  if  you  would  fepa- 
rate  it  by  burning  from  the  Phlogifton  with  which 
it  is  united,  there  is  no  occafion  for  Rich  an  appa¬ 
ratus  of  veffels  as  is  employed  for  obtaining  the  Spi¬ 
rit  of  Sulphur.  For  this  Acid  will  remain  at  the  bot¬ 
tom  of  the  veffel  in  which  you  burn  your  Phofpho¬ 
rus:  indeed,  if  it  be  urged  by  the  force  of  fire,  its  mod 
fubtile  part  evaporates,  and  the  remainder  appears 
in  the  form  of  a  vitrified  matter. 

This  Acid  effervefces  with  fixed  and  volatile  Alka¬ 
lis,  and  therewith  forms  Neutral  Salts  ;  but  very  dif¬ 
ferent  from  Sea-falt,  and  from  Sal  Ammoniac.-  That 
which  has  a  fixed  Alkali  for  its  balls  does  not 
crackle  when  thrown  on  burning  coals  -,  but  fwells  and 
vitrifies  like  Borax.  That  which  has  a  volatile  Al¬ 
kali  for  its  bafis  fhoots  into  long  pointed  cryflals  ; 
and,  being  urged  by  fire  in  a  retort,  lets  go  its  volatile 
alkali,  a  vitrified  matter  remaining  behind.  This 
Salt  is  like  that  abovementioned,  as  obtained  from  u¬ 


rine  and  yielding  Phofphorus. 

It  appears  from  the  experiments  adduced,  that 
the  Acid  of  Phofphorus  tends  always  to  vitrification  ; 
which  proves  that  it  is  not  pure,  and  gave  M.  Marg- 
graff  caufe  to  think  that  it  is  altered  by  the  admixture 
of  a  very  fubtile  vitri fiable  earth. 

M.  Marggraff  alio  obtained  Phofphorus  from  fe¬ 
veral  vegetable  fubitances  which  we  ufe  every  day 
for  food.  This  gives  him  occafion  to  conjecture  that 

T  3  the 
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the  Sait  requisite  to  the  formation  of  Phofphorus. 
exihs  in  vegetables,  and  pâlies  from  thence  into  the 
animals  that  feed  upon  them. 

Laftly,  he  concludes  his  differtation  by  informing 
us  of  a  very  important  truth,  viz.  That  the  Acid 
obtained  from  Phofphorus,  by  burning  it,  will  fervc 
to  form  P nolphorus  anew  ;  for  which  purpoie  it  need 
only  be  combined  with  feme  charred  coal,  fuch  as 
lamp-black,  and  diftiiled. 

t  From  what  hath  beenfaid  on  this  fubjed  it  is  plain 
the  Chy mills  have  a  great  many  curious  and  intereft- 
ing  enquiries  to  make  concerning  Pholphorus,  and 
particularly  concerning  its  Acid. 

I  fhall  conclude  this  article  with  an  account  of 
certain  properties  of  Phofphorus  which  I  have  not 
yet  mentioned. 

Phofphorus  diffolves  by  lying  expofed  to  the  air. 
What  water  cannot  effed,  fays  M.  Hellot,  or  at 
leaft  requires  eight  or  ten  years  to  bring  about,  the 
moifture  or  the  air  accomplilhes  in  ten  or  twelve 
days  ;  whether  it  be  that  the  Phofphorus  takes  fire 
in  the  air,  and  the  inflammable  part  evaporating,  al- 
liidt  entiiely,  leaves  the  Acid  of  the  Pholphorus  nak¬ 
ed,  which  like  all  other  Acids,  when  exceedingly  con¬ 
centrated,  is  veiy  greedy  or  moifture  ;  or  elle  that  the 
moifture  of  the  air,  being  water  divided  into  infi¬ 
nitely  fine  particles,  is  fo  fubtile  as  to  find  its  wav 
through  the  pores  of  the  Phofphorus,  into  which  the 
groffer  particles  of  common  water  can  by  no  means 
infinuate  themfeb/es. 

Phofphorus  heated  by  the  vicinity  of  fire,  or  by 
£eing  any  way  rubbed,  foon  takes  fire  and  burns 
fiercely.  It  is  foluble  in  all  Oils  and  in  Ether,  giv¬ 
ing  to  thofe  liquors  the  property  of  appearing  lumi- 
nous,  when  the  bottle  containing  the  lolution  is  open- 
ed.  Being  boiled  in  water,  it  likewife  communicates 
«.hereto  this  luminous  quality.  M.  Morin,  Profef- 
W  Chartres,  is  the  author  of  this  oblervation. 

V  ’  ‘  ‘  The 
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The  late  Mr.  Grofte,  a  celebrated  Chymift,  ot 
the  Academy  of  Sciences,  obferved  that  Phofpho- 
rus  being  difiolved  in  efîèntial  oils  cryftallizes  therein. 
Thefe  cryftals  take  Hre  in  the  air,  either  when  thrown 
*  into  a  dry  vefifel,  or  wrapt  up  in  a  piece  of  paper. 
If  they  be  dipped  in  Spirit  of  Wine,  and  taken  out 
immediately,  they  do  not  afterwards  take  fire  in  the 
air  :  they  fmoke  a  little,  and  for  a  very  fhort  time, 
but  hardly  wafte  at  all.  Though  fome  of  them 
were  left  in  a  fpoon  for  a  fortnight,  they  did  not 
feem  to  have  loft  any  thing  of  their  bulk  :  but  when 
the  fpoon  was  warmed  a  little  they  took  fire,  juft  like 
common  Phofphorus  that  had  never  been  difiolved 
and  cryftallized  in  an  efiential  oil. 

M.  Marggraff,  having  put  a  dram  of  Phofpho¬ 
rus  with  an  ounce  of  highly  concentrated  Spirit  of 
Nitre  into  a  glafs  retort,  obferved  that,  without  the 
help  of  fire,  the  Acid  difiolved  the  Phofphorus  ; 
that  part  of  the  Acid  came  over  into  the  recipient 
which  was  luted  to  the  retort  ;  that  at  the  fame  time 
the  Phofphorus  took  fire,  burnt  furioufiy,  and  burft 
the  vefiels  with  explofion.  Nothing  of  this  kind 
happens  when  any  of  the  other  Acids,  though  con¬ 
centrated,  are  applied  to  Phofphorus. 


PROCESS  III. 

To  decompofe  Sea-Salt  by  means  of  the  Vitriolic  Acid. 
Glauber's  Salt.  ‘The  Purification  and  Concentration 
of  Spirit  of  Salt. 

PU  T  the  Sea- fait  from  which  you  mean  to  ex¬ 
tract  the  Acid  into  an  unglazed  earthen  pipkin, 
and  fet  it  amidft  live  coals,  f  he  Salt  will  decrepi¬ 
tate,  grow  dry,  and  fall  into  a  powder.  Put  this 
decrepitated  Salt  into  a  tubulated  glafs  retort,  leav¬ 
ing  two  thirds  thereof  empty.  Set  the  retort  in  a 
reverberating  furnace;  apply  a  receiver  like  that 
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Lied  in  diddling  the  fmoking  Spirit  of  Nitre,  and 
lute  it  on  in  the  fame  manner,  or  rather  more  ex¬ 
actly  if  poffible.  Then  through  the  hole  in  the  up¬ 
per  convexity  of  the  retort  pour  a  quantity  of  highly 
concentrated  Oil  of  Vitriol,  equal  in  weight  to  about  a 
third  part  of  your  Salt,  and  immediately  fhut  the 
hole  very  clofe  with  a  glafs  (topple,  firft  rubbed 
therein  with  emery  lb  as  to  lit  it  exactly. 

As  foon  as  the  Oil  of  Vitriol  touches  the  Salt, 
the  retort  and  receiver  will  be  filed  with  abundance 
of  white  vapours  ;  and  loon  after,  without  lighting 
any  fire  in  the  furnace,  drops  of  a  yellow  liquor  will 
diftill  from  the  nofe  of  the  retort.  Let  the"  didilla- 
tion  proceed  in  this  manner  without  fire,  as  long  as 
you  perceive  any  drops  come  :  afterwards  kindle  a 
very  fmall  fire  under  the  retort,  and  continue  didd¬ 
ling  and  raifing  the  fire  by  very  flow  degrees,  and 
with  great  caution,  to  the  end  of  the  didillation  ; 
which  will  be  finifhed  before  you  have  occafion  to 
make  the  retort  red-hot.  Unlute  the  veffels,  and 
without  delay  pour  the  liquor,  which  is  a  very  fmok¬ 
ing  Spirit  of  Salt,  out  of  the  receiver  into  a  cryftal 
bottle,  like  that  directed  for  the  Looking  Spirit  of 
Nitre,  v  '  °  F 

OBSERVATIONS . 

Se A?S alt,  as  hath  been  already  faid,  is  a  Neutral 
Salt  compofed  of  an  Acid,  which  differs  from  thofe 
of  vhtriol  and  Nitre,  combined  with  a  Fixed  Alkali 
that  nas  lorne  peculiar  properties  ;  but  does  not  vary 
from  the  others  in  its  affinities.  This  Salt  therefore, 
as  well  as  Nitre,  mud  be  clecompofed  by  the  Vitri¬ 
olic  Acid  ;  which  accordingly  is  the  cafe  in  the  pro- 
ceL  here  dtfcribed.  I  he  Vitriolic  Acid  unites  with 
the  Alkaline  bads  of  the  Sea-falt,  and  feparates  its 
Acid  ;  and  that  with  much  greater  facility  than  it  ex- 
pvlis  the  Nitrous  Acid  from  its  Alkaline  bails,  be- 
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caufe  the  Acid  of  Sea- fait  has  not  fo  great  an  affinity 
as  the  Nitrous  Acid  with  Fixed  Alkalis. 

As  a  highly  concentrated  Oil  of  Vitriol  is  ufed 
on  this  occafion,  and  as  the  Sea- fait  is  previoufty 
dried  and  decrepitated,  the  Acid  obtained  from  it. 
by  diftillation  is  very  free  from  phlegm,  and  always 
fmokes,  even  more  violently  than  the  ftrongeft  Add 
of  Nitre.  The  vapours  of  this  Acid  are  alfo  much 
more  elaftic  and  more  penetrating  than  thofe  of  the 
Nitrous  Acid  :  on  which  account  this  diftillation  of 
the  fmoking  Spirit  of  Salt  is  one  of  the  moft  diffi¬ 
cult,  moft  laborious,*  and  moft  dangerous  operations 
in  Chymiftry. 

This  procefs  requires  a  tubulated  retort,  that  the 
Oil  of  Vitriol  may  be  mixed  with  the  Sea-falt  after 
the  receiver  is  well  luted  to  the  retort,  and  not  be¬ 
fore  :  for,  as  foon  as  thefe  two  matters  come  toge¬ 
ther,  the  Spirit  of  Salt  rufties  out  with  fo  much  im- 
petuoftty,  that,  if  the  veiTels  were  not  luted  at  the 
time,  the  copious  vapours  that  would  iftiie  through 
the  neck  of  the  ballon  would  fo  moiften  it,  as  well 
as  the  neck  of  the  retort,  that  it  would  be  imprati¬ 
cable  to  apply  the  lute  and  fecure  the  joint  as  the 
operation  requires.  Moreover,  the  operator  would 
be  expofed  to  thole  dangerous  fumes,  which,  on  this 
occafion,  rufh  out  and  enter  the  lungs  with  fuch  in¬ 
credible  activity  as  to  threaten  in  liant  fu  (location. 

Having  faid  fo  much  of  the  elafticity  and  activity 
of  the  fumes  of  Spirit  of  Salt,  it  is  needlefs  to  in¬ 
fill  upon  the  neceffity  of  giving  vent  to  the  veftHs 
from  time  to  time,  by  opening  the  little  hole  of  the 
ballon  :  indeed  the  beft  way  to  prevent  the  lofs  of  a 
great  many  vapours,  on  this  occafion,  is  to  employ 
adopters,  and  cover  them  with  wet  canvas,  which  will 
cool  and  condenfe  the  vapours  they  contain. 

When  the  operation  is  finifhed,  we  find  a  white, 
faline  mafs  at  the  bottom  of  the  retort  as  in  a  mould. 
|f  this  mafs  be  diftolved  in  water,  and  the  folution 

cryftal- 
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cryftallized,  It  yields  a  confiderable  quantity  of  Sea- 
falt  that  hath  not  been  decompofed,  and  a  Neutral 
Salt  confiding  of  the  Vitriolic  Acid  united  with  the 
Alkaline  bafis  of  that  part  which  hath  been  decom¬ 
pofed.  This  Neutral  Salt,  which  bears  the  name 
of  Glauber  its  inventor,  differs  from  Vitriolated 
Tartar,  or  the  Sal  de  duobus ,  which  remains  after 
didilling  the  Nitrous  Acid,  efpecially  in  that  it  is 
more  fufible,  more  foluble  in  water,  and  hath  its 
cryftals  differently  figured.  But  as  in  thefe  two  Salts 
the  Acid  is  the  fame,  the  differences  that  appear  be¬ 
tween  them  mud  be  attributed  to  the  peculiar  na¬ 
ture  of  the  bafis  of  Sea- fait. 

Spirit  of  Salt  drawn  by  the  procefs  above  de¬ 
fended  is  tainted  with  a  frnall  mixture  of  the  Vitri¬ 
olic  Acid,  carried  up  by  the  force  of  fire  before  it 
had  time  to  combine  with  the  Alkali  of  the  Sea- 
falt  *,  which  happens  likewife  to  the  Nitrous  Acid 
procured  in  the  fame  manner.  If  you  defire  to  have 
it  pure,  and  abfolutely  free  from  the  Acid  of  Vitriol, 
it  mud  be  diddled  a  fécond  time  from  Sea-falt,  as 
the  Acid  of  Nitre  was  before  direfled  to  be  diddled 
again  from  frefh  Nitre,  in  order  to  purify  it  from 
any  Vitriolic  taint. 

Sea-falt,  as  well  as  Nitre,  may  be  decompofed  by 
any  combination  of  the  Vitriolic  Acid  with  a  metal¬ 
lic  or  earthy  fubdance  :  but  it  is  proper  to  obferve, 
that  if  you  didill  Spirit  of  Salt  by  means  of  Green 
Vitriol,  the  operation  will  not  fucceed  fo  well  as 
when  Spirit  of  Nitre  is  diddled  in  the  fame  manner  : 
lefs  Spirit  is  obtained,  and  a  much  fiercer  fire  is  re<* 
qui  red. 

The  caufe  of  this  lies  in  the  property  which  the 
Acid  of  Sea-falt  poffeffes  of  diffolving  Iron,  even 
when  deprived  of  a  part  of  its  Phlogidon  by  hav¬ 
ing  contracted  an  union  with  another  Acid  ;  fo  that 
it  is  no  fooner  didodged  from  its  own  bafis  by  the 
Vitriolic  Acid,  than  it  unites  with  the  ferruginous 

bafis 
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bafis  of  the  Vitriol,  from  which  it  cannot  be  fepa- 
rated  but  by  a  molt  violent  fire.  This  is  the  confe- 
quence  more  efpecially  when  calcined  Vitriol  is  made 
ufe  of  :  for  moifture,  as  we  fhall  prefently  fee,  great¬ 
ly  facilitates  the  reparation  of  the  Marine  Acid  from 
thofe  fubftances  with  which  it  is  united. 

When  you  do  not  defire  a  highly  dephlegm ated 
and  fmoking  Spirit  of  Salt  you  may  diftill  with  the 
additament  of  any  earth  containing  the  Vitriolic 
Acid  ;  as  Clay,  for  inftance,  or  Bole.  To  this  end 
one  part  of  Sea-falt,  (lightly  dried  and  reduced  to  a 
fine  powder,  muft  be  accurately  mingled  with  two 
parts  of  the  earth  you  intend  to  employ  likeWife 
pulverized  ;  of  this  mixture  make  a  ft  iff  pafte  with 
a  proper  quantity  of  rain  water,  and  having  formed 
little  balls  thereof  about  the  fize  of  a  hazel  nut,  let 
them  dry  in  the  fun  ;  when  dry  put  them  into  a 
ftone  or  coated  glafs  retort,  leaving  a  third  part 
thereof  empty  ;  let  this  veffel  in  a  reverberating 
furnace,  covered  with  its  dome  ;  apply  a  receiver, 
which  need  not  be  luted  on  for  fome  time  ;  and 
heat  the  veflels  very  (lowly.  At  fir  ft  an  infipid  wa¬ 
ter  will  rife  ;  which  mull  be  thrown  away  :  after¬ 
wards  the  Spirit  of  Salt  will  appear  in  white  clouds. 
Now  lute  your  veffels,  andraife  the  fire  by  degrees  ; 
which  towards  the  end  muft  be  pu  (lied  to  the  utmoft 
extremity.  The  operation  is  known  to  be  finifhed 
when  no  drops  fail  from  the  nofe  of  the  retort,  the 
receiver  cools,  and  the  white  vapours  that  filled  it 
are  (een  no  more. 

The  Spirit  of  Sait  obtained  by  the  procefs  here 
delivered  does  not  fmoke,  and  contains  much  more 
phlegm  than  that  which  is  diftilled  by  means  of  the 
concentrated  Oil  of  Vitriol  ^  becaufe  the  earth, 
though  dried  in  the  fun,  ft  ill  retains  a  great  deal  of 
moifture,  which  commixes  with  the  Acid  of  the  Sea- 
fait.  Confequently  it  is  much  eafier  to  colled:  its 
yapours  -,  fo  that  this  operation  is  attended  with 

much 
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much  lefs  trouble  than  the  other.  Neverthelefs  It  is 
advifeable  to  proceed  gently  ;  to  apply  but  little  heat 
at  firit,  and  to  unftop  every  now  and  then  the  Email 
hole  of  the  receiver  :  for  a  quantity  of  the  vapours 
of  Spirit  of  Salt,  even  when  weakened  by  the  ad¬ 
mixture  of  water,  is  very  apt  to  bur  ft  the  vefifels. 

A  much  greater  degree  of  lire  is  necefiary  to  raife 
the  Spirit  of  Salt  by  this  latter  procefs,  than  by  that  in 
which  the  pure  Vitriolic  Acid  is  employed  :  for,  as 
fail  as  the  Spirit  of  Salt  is  difiodged  from  its  own 
bails  by  the  Vitriolic  Acid  contained  in  the  earth 
made  ufe  of,  part  of  it  joins  that  earth,  and  can¬ 
not  be  feparated  from  it  without  the  moil  violent 
heat. 

A  Spirit  of  Salt  that  fhall  not  fmoke  may  alfo  be 
obtained  by  means  of  the  pure  Vitriolic  Acid.  Spi¬ 
rit  of  Vitriol,  or  Oil  of  Vitriol  lowered  with  a  good 
deal  of  water,  will  do  the  bufinefs. 

Some  Chymifts  direct  a  little  water  to  be  placed  in 
the  receiver,  when  Spirit  of  Salt  is  to  be  diftilled  by 
the  intermedium  of  concentrated  Oil  of  Vitriol,  in  or¬ 
der  to  make  the  acid  vapours  condenfe  more  readily. 
By  this  means  indeed  fome  of  the  inconveniences 
,  attending  the  diftillation  of  fmoking  Spirit  of  Salt 
may  be  avoided  :  but  on  the  other  hand,  the  acid 
vapours  being  abfolutely  fuftbcated  by  the  water  as 
faif  as  they  come  over,  the  Spirit  of  Salt  obtained 
by  this  method  will  be  no  lefs  aqueous  than  that 
procured  by  the  interpofition  of  earths  :  fo  that 
here  is  an  expence  to  no  manner  of  purpofe.  There¬ 
fore,  when  a  Spirit  of  Salt  is  defired  that  fhall  not 
fmoke,  it  is  belt  to  employ  an'  additament  of  earth  ; 
and  that  fo  much  the  rather  as  the  Marine  Acid  ob¬ 
tained  by  this  means  is  purer  and  freer  from  any  Vi¬ 
triolic  taint,  for  the  reafons  already  affigned. 

Part  of  the  Acid  of  Sea-falt  may  be  feparated 
from  its  Alkaline  bafis  by  the  force  of  fire  alone, 
without  the  intervention  of  any  othef  body.  With 

this 
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this  view  the  Salt  muft  be  put  into  the  retort  without 
being  dried.  At  firft  an  infipid  water  riles  *,  but  it 
gradually  becomes  acid,  and  hath  all  the  properties 
of  Spirit  of  Salt.  When  the  Salt  in  the  retort  is 
grown  perfectly  dry,  nothing  more  can  be  forced 
over  by  any  degree  of  heat  whatever.  If  you  would 
obtain  more  Acid  from  the  fame  Salt,  you  muft  take 
it  out  of  the  retort,  where  you  will  find  it  in  a  lump, 
reduce  it  to  powder,  and  expofe  it  to  the  air  for 
fome  time,  that  it  may  attrad  the  moifture  there¬ 
of  ;  or  elfe  wet  it  at  once  with  fome  rain  water,  and 
diftill  as  before.  You  will  again  have  an  infipid 
water,  and  a  little  Spirit  of  Salt  ;  which  will  in 
like  manner  ceafe  to  rife  when  the  Salt  in  the  retort 
becomes  dry.  This  operation  may  be  repeated  as  of¬ 
ten  as  fhall  be  thought  proper  :  and  perhaps  it  may  be 
poffible  to  decompofe  Sea-falt  entirely  by  means 
thereof,  without  the  interpofition  of  any  other  body. 
The  Spirit  of  Salt  thus  obtained  is  exceeding  weak, 
in  fmall  quantity,  and  loaded  with  much  water. 

This  experiment  proves  that  moifture  greatly  fa¬ 
cilitates  the  feparation  of  the  Acid  of  Sea-falt  from 
the  matters  with  which  it  is  united  :  and  this  is  the 
reafon  that,  in  diftilling  of  Spirit  of  Salt  with  the  ad- 
ditament  of  an  earth,  the  operation  requires  much 
lefs  fire  at  the  beginning,  while  the  earth  and  fait  re¬ 
tain  a  great  deal  of  humidity,  than  towards  the  end, 
when  they  begin  to  grow  dry. 

After  the  operation  there  remains  in  the  retort  a 
faiine  and  earthy  mafs,  which  contains,  1.  Some 
entire  Sea-falt  that  has  differed  no  decompofition  ; 
2.  A  Glauber’s  Salt  which  is,  as  we  faid  before,  a 
Neutral  Salt  confiding  of  the  Vitriolic  Acid  united 
with  the  Alkaline  bafis  of  the  Sea-falt,  from  which 
it  hath  expelled  its  proper  Acid  ;  3.  Fart  of  the 
earth  ufed  as  an  intermedium,  ftill  retaining  a  por¬ 
tion  of  its  original  Vitriolic  Acid,  which,  happening 
not  to  lie  near  enough  to  any  particles  of  Sea-falt, 

could 
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could  not  exert  its  power  in  decompofing  them,  and 
ib  remains  united  with  its  earthy  bans  ;  4.  Another 
part  of  the  lame  earth,  impregnated  with  feme  of 
the  Marine  Acid,  which  combined  therewith  upon 
being  expelled  from  its  Alkaline  bafis  by  the  Vitri¬ 
olic  Acid,  and  which  the  force  of  fire  was  unable  to 
feparate  from  it  when  the  matters  were  grown  per¬ 
fectly  dry.  In  confequence  of  what  remains  in  this 
caput  mortuum ,  if  the  whole  mafs  be  triturated, 
moiftened  with  a  little  water,  and  diftilled  a  fécond 
time,  confiderably  more  Spirit  of  Salt  will  be  ob¬ 
tained  from  it  :  and  the  fame  is  to  be  faid  of  all 
diftillations  of  this  fort. 

Spirit  of  Salt  obtained  by  the  means  of  any  other 
additament  than  concentrated  Oil  of  Vitriol  is  gene¬ 
rally  very  weak  :  but  it  may  be  dephlegmated  and 
concentrated,  if  required,  much  in  the  fame  man¬ 
ner  as  Oil  of  Vitriol.  For  this  purpofe  you  mu  ft 
put  it  into  a  glafs  cucurbit,  fet  it  in  a  balneum  mariæ , 
fit  thereto  a  head  and  a  receiver,  and  with  a  mode¬ 
rate  degree  of  heat  draw  off  one  third  or  one  half  of 
the  liquor.  What  comes  over  into  the  receiver  will 
be  the  moft  aqueous  part,  which  being  the  lighted: 
will  rife  firft,  impregnated  however  with  a  little 
acid  :  in  the  cucurbit  will  be  left  a  concentrated  Spi¬ 
rit  of  Salt,  or  the  moft  acid  part,  which  being  the 
heavieft  will  not  rife  with  the  degree  of  heat  that  is 
capable  of  carrying  up  the  phlegm.  Spirit  of  Salt 
thus  concentrated,  called  alfo  Oil  of  Salt ,  does  not 
frnoke  :  it  is  of  a  yellow  colour  inclining  to  green, 
and  an  agreeable  fmell  not  unlike  that  of  faffron. 


PROC  E  S  S  IV. 

sTo  decompofe  Sea- fait  by  means  of  the  Nitrous  Acid. 
Aqua  régis.  Quadrangular  Nitre . 

ripAKE  dried  Sea-falt  :  bruife  it  to  powder  :  put 
Jf  it  into  a  glafs  retort,  leaving  one  half  of  the 
veffel  empty.  Four  upon  it  a  third  of  its  weight 

of 
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of  good  Spirit  of  Nitre.  Place  your  retort  in  the 
fand-bath  of  a  reverberating  furnace  ;  put  on  the 
dome  ;  lute  to  the  retort  a  receiver  having  a  final! 
hole  in  it,  and  heat  the  veffels  very  flowly.  There 
will  come  over  into  the  receiver  fome  vapours, 
and  an  acid  liquor.  Increafe  the  fire  gradually  till 
nothing  more  rifes.  Then  unlute  the  veffels,  and 
pour  the  liquor  out  of  the  receiver  into  acryfta!  bot¬ 
tle,  flopped  like  others  containing  Acid  Spirits. 

OBSERVATIONS . 

The  Nitrous  Acid  hath  a  greater  affinity  than  the 
Marine  Acid  with  Fixed  Alkalis.  When  therefore 
Spirit  of  Nitre  and  Sea-falt  are  mixed  together,  the 
fame  confequences,  in  fome  meafure,  will  follow,  as 
when  the  Vitriolic  Acid  is  mixed  with  that  Salt  ^  that 
is,  the  Nitrous  Acid  will,  like  the  Vitriolic,  decom- 
pofe  it,  by  diflodging  its  Acid  from  its  Alkaline  ba- 
fis,  and  affiuming  its  place.  But  as  the  Nitrous  A- 
cid  is  confiderably  weaker,  and  much  lighter,  than 
the  Vitriolic  Acid  -,  a  good  deal  of  it  rifes  along  with 
the  Acid  of  Sea-falt  during  the  operation.  The  li¬ 
quor  found  in  the  receiver  is  therefore  a  true  Aqua 
régis . 

If  decrepitated  Salt,  and  a  right  fmoking  Spirit  of 
Nitre,  be  employed  in  this  procefs,  the  Aqua  régis 
obtained  will  be  very  firong  ;  and  during  the  opera¬ 
tion  very  elaftic  vapours  will  rufh  out  and  burll  the 
veffiels,  if  thofe  precautions  be  not  taken  which  we 
pointed  out  as  neceffiary  in  diddling  the  Spirit  of  Ni¬ 
tre,  and  the  fmoking  Spirit  of  Salt. 

The  operation  being  finifhed,  there  is  left  in  the 
retort  a  faline  mafs,  containing  Sea-falt  not  cle- 
compofed,  and  a  new  fpecies  of  Nitre,  which  hav¬ 
ing  for  its  bafis  the  Alkali  of  Sea-falt,  that  is,  as  we 
have  feveral  times  obferved,  an  Alkali  of  a  peculiar 
nature,  differs  from  the  common  Nitre,  1.  In  the 
figure  of  its  cryflais  *  which  are  folids  of  four  Tides, 

/  formed 
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formed  like  lozenges;  2.  In  that  it  cryftallizes  witfl  ' 
more  difficulty,  retains  more  water  in  its  cryftals,  at¬ 
tracts  the  moifture  of  the  air,  and  difiblves  in  water 
with  the  fame  circumftances  as  Sea- fait. 


C  H  A  P.  IV. 


Of  Borax, 


PROCES  S. 

To  decompofe  Borax  by  the  means  of  Acids ,  and  to  fe- 
par  ate  from  it  the  Sedative  Salt  by  fublimation  and 
by  cryftallization . 

{REDUCE  to  a  fine  powder  the  Borax  from 
\  which  you  intend  to  extra#  the  Sedative  Salt. 
Put  this  powder  into  a  wide-necked  glafs  retort. 
Pour  upon  it  an  eighth  part  of  its  weight  of  com¬ 
mon  water,  to  moiften  the  powder  ;  and  then  add 
concentrated  Oil  of  Vitriol,  to  the  weight  of  fome- 
what  more  than  a  fourth  part  of  the  weight  of  the 
Borax.  Set  the  retort  in  a  reverberatory,  make  a 
moderate  fire  at  firfl,  and  augment  it  gradually  till 
the  retort  become  red-hot. 

A  little  phlegm  will  firfl;  come  over,  and  then 
with  the  laft  moifture  that  the  heat  expells  the  Se¬ 
dative  Salt  will  rife  ;  by  which  means  fome  of  it  will 
be  diffolved  in  this  laft  phlegm,  and  pafs  therewith 
into  the  receiver;  but  moft  of  it  will  adhere  in  the  form 
of  faline  flowers  to  the  fore-part  of  the  neck  of  the  re¬ 
tort,  juft  where  it  is  clear  of  the  groove  of  the  furnace. 
There  they  colled  into  a  heap,  which  the  liicceeding 
flowers  pufh  infenfibly  forward  till  they  {lightly  flop 
the  paffage.  Thofe  which  rife  after  the  neck  is  thus 
flopped  ftick  to  the  after-part  of  it  which  is  hot,  vi- 
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trify  in  fome  meafure,  and  form  a  circle  of  fufed 
Salt.  In  this  Hate  the  flowers  of  the  Sedative  Salt 
feem  to  iflfue  out  of  the  circle,  as  from  their  bafis  : 
they  appear  like  very  thin,  light,  fhining  fcales, 
and  mult  be  brulhed  off  with  a  feather. 

At  the  bottom  of  the  retort  will  be  left  a  faline 
mafs  :  diflfolve  this  in  a  fufficient  quantity  of  hot  wa¬ 
ter -,  filter  the  folution  in  order  to  free  it  from  a 
brown  earth  which  it  depofites  j  fet  the  liquor,  to  e- 
vaporate,  and  cryflals  of  Sedative  Salt  will  form  in 
it. 


O  B  S  E  REACTIONS. 

Though  Borax  is  of  great  life  in  many  chymical 
operations,  efpecially  in  the  fufion  of  metals,  as 
we  fiiall  have  occafion  to  fee,  yet  till  of  late  years 
Chymifts  were  quite  ignorant  of  its  nature,  as  they 
ftiil  are  of  its  origin  ;  concerning  which  we  know  no¬ 
thing  with  certainty,  but  that  it  comes  rough  from 
the  Êaft  Indies,  and  is  purified  by  the  Dutch. 

M.  Homberg  was  one  of  the  firfl:  that  attempted 
to  analyfe  this  Salt.  He  fhewed  that  mixing  it  with 
the  Vitriolic  Acid,  and  diftilling  the  mixture,  a  fait 
fublimes  in  little  fine  needles.  This  produd  of  Bo¬ 
rax  he  called  by  the  name  of  Sedative  Salt,  becaufe 
he  found  it  had  the  property  of  moderating  the  great 
tumult  and  heat  of  the  blood  in  fevers. 

After  M.  Homberg  other  Chy mills  alfo  ex- 
ercifed  themfelves  on  Borax.  M.  Lemery  difcover- 
ed  that  the  Vitriolic  is  not  the  only  Acid  by  means 
of  which  the  Sedative  Salt  may  be  obtained  from 
Borax  -,  but  that  either  of  the  other  two  Mineral  A- 
cids,  the  Nitrous  or  the  Marine,  may  be  ufed  in  its 
Head. 

M.  Geoffroy  hath  greatly  facilitated  the  means  of 
obtaining  the  Sedative  Salt  from  Borax  -,  having 
fliewn  that  it  may  be  extraded  by  cryilallization  as 
well  as  by  fublimation  -,  and  that  the  Sedative  Salt 
Vol.  I.  U  fo 
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fo  obtained  is  in  no  refpect  inférieur  to  that  which 
was  procured  before  by  fublimation  only.  To 
him  alfo  we  are  indebted  for  the  difeovery  that  in 
the  compofition  of  Borax  there  is  an  Alkaline  Salt 
of  the  fame  nature  as  the  bafis  of  Sea-lalt.  This  he 
found  by  obferving  that  he  got  a  Glauber’s  Salt  from 
a  folutioB  of  Borax  into  which  he  had  poured 
feme  Vitriolic  Acid  with  a  view  to  obtain  its  Seda¬ 
tive  Salt. 

Lafliy,  M.  Baron,  whom  we  mentioned  before 
on  occasion  of  this  Salt,  hath  proved,  by  a  great  num¬ 
ber  of  experiments,  that  a  Sedative  Salt  may  be  pro¬ 
cured  from  Borax  by  the  help  of  Vegetable  Acids, 
which  was  never  done  by  any  body  before  him  ;  that 
the  Sedative  Salt  is  not  a  combination  of  an  Alka¬ 
line  matter  with  the  Acid  made  ule  of  in  extradling 
it,  as  feme  of  its  properties  feemed  to  indicate  ;  but 
that  it  exifls  previoufiy  and  completely  formed  in  the 
Borax  ;  that  the  Acid  employed  to  extradf  it  only 
helps  to  difengage  it  from  the  Alkali  with  which  it 
is  united  ;  that  this  Alkali  is  actually  of  the  fame 
nature  as  the  bafis  of  Sea-falt.  becaufe  that  after  ex¬ 
tracting  the  Sedative  Salt,  which  by  its  union  there¬ 
with  forms  the  Borax,  a  Neutral  Salt  is  found,  of 
the  fame  fort  with  that  which  would  be  produced  by 
combining  the  bafis  of  Sea-falt  with  the  particular 
Acid  made  ufe  of  ;  that  is,  if  with  the  Vitriolic 
Acid,  a  \j  kuber's  fait  ;  if  with  the  Nitrous  Acid,  a 
quadrangular  Nitre  ;  and  if  with  the  Marine  Acid, 
a  true  Sea-falt ,  and  lafciy,  that  the  Cedative  Salt  may 
be  re-united  to  its  Alkali,  and  re-produce  a  Borax. 

Nothing  therefore  now  remains,  to  give  us  all  the 
in  fight  we  can  defire  into  the  nature  of  Borax,  but 
to  know  what  the  Sedative  Salt  is.  M.  Baron  hath 
already  given  us  certain  negative  notices  concerning 
it,  by  fhewing  what  it  is  not;  that  is,  that  the  A- 
cid  employed  in  its  extradfion  doth  not  enter  into  its 
compofition.  We  have  great  reafon  to  hope  that  he 

will 
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will  carry  his  enquiries  ftill  further,  and  clear  up  all 
our  doubts  on  this  fubjedt. 

The  Sedative  Salt  may  be  extracted  from  Borax, 
not  only  by  the  means  of  pure  and  fimple  Acids,  but 
alfo  by  the  fame  Acids  combined  with  a  metallic  ba- 
fis.  Thus  Vitriols,  for  inftance,  may  be  employed 
for  this  purpofe  with  good  fuccefs.  It  is  eafy  to  fee 
that  the  Vitriol  muft  be  decompofed  on  this  occafi- 
on,  and  that  its  Acid  cannot  unite  with  the  Alkali 
in  which  the  Sedative  Salt  is  lodged,  without  quitting 
its  metallic  bafis,  which  muft  of  courfe  precipitate. 

The  Sedative  Salt  actually  fublimes,  when  a  liquid 
containing  it  is  diftilled  ;  but  it  does  not  therefore  fol¬ 
low  that  it  is  naturally  volatile.  It  rifes  only  by  the 
aid  of  the  water  with  which  it  is  mixed.  The  proof 
of  this  affertion  is,  that,  when  all  the  humidity  of  the 
mixture  containing  this  Salt  is  diftipated,  no  more 
Salt  will  rife,  be  the  fire  ever  fo  violent  ;  and  that 
by  adding  more  water  to  moiften  the  dried  mafs  con¬ 
taining  it,  more  Salt  will  every  time  be  obtained, 
through  many  repeated  diftillations.  In  the  fame 
manner,  if  fome  Sedative  Salt  be  moiftened,  and  ex- 
pofed  to  a  proper  degree  of  heat,  a  fmall  quantity 
thereof  will  rife  at  firft  by  the  help  of  the  water  ; 
but  as  foon  as  it  grows  dry  it  remains  exceedingly 
fixed.  This  obfervation  we  owe  to  M.  Rouelle. 

The  Sedative  Salt  hath  the  appearance  and  the 
tafte  of  a  Neutral  Salt  :  it  does  not  change  the  co¬ 
lour  of  the  juice  of  violets  ;  nor  does  it  eafily  difiblve 
in  water;  for  it  requires  a  quart  of  boiling  water  to 
diftolve  two  ounces  of  it:  yet,  with  regard  to  Alka¬ 
lis,  it  has  the  properties  of  an  Acid  ;  it  unites  with 
thofe  faits,  forms  therewith  a  faline  compound  which 
cryftallizes,  and  even  expells  the  Acids  that  happen 
to  be  combined  with  them  ;  fo  that  it  decompoles 
the  fame  Neutral  Salts  that  are  decompofed  by  the 
Vitriolic  Acid. 

U2  The 
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The  Sedative  Salt,  when  fuddenly  expofed  to  the 
violent  heat  of  a  naked  fire,  lofes  near  half  its  weight, 
melts,  puts  on  and  retains  the  appearance  of  glafs  ; 
but  its  nature  ftill  remains  unchanged.  This  glafs 
diflolves  in  water,  and  fhoots  anew  into  cryftais  of 
Sedative  Salt.  This  Salt  communicates  to  the  Al¬ 
kaline  fait  with  which  it  is  united,  when  in  the  form 
of  Borax,  the  property  of  melting  with  a  moderate 
heat,  and  forming  a  kind  of  glafs  ;  and  ’tis  this 
great  fufibility  that  recommends  the  frequent  ufe  of 
Borax  as  a  flux  for  allaying  ores.  It  is  alfo  employ¬ 
ed  fometimes  as  an  ingredient  in  the  compofidon  of 
glafs  ;  but,  in  time,  it  always  communicates  thereto 
the  fault  which  its  own  glafs'hath,  namely  that  of  tar- 
nilhing  with  the  air.  The  Sedative  Salt  hath  more¬ 
over  the  Angular  property  of  diffolving  in  Spirit  of 
Wine,  and  of  giving  to  its  flame,  when  fet  on  fire, 
a  beautiful  green  colour.  All  thefe  obfervations  we 
owe  to  Meffi  Geoffroy  and  Baron. 

M.  Geoffroy  prepares  the  Sedative  Salt  by  cryftal- 
Lzation  only  in  the  following  manner.  “  He  dif- 
“  folves  four  ounces  of  refined  Borax  in  a  fufficient 
“  quantity  of  warm  water,  and  then  pours  into  the 
“  folution  one  ounce  and  two  drams  of  highly  con- 
“  centrated  Oil  of  Vitriol,  which  makes  a  crackling 
“  noiie  as  it  fails  in.  When  this  mixture  has  flood 
“  evaporating  for  feme  time,  the  Sedative  Salt  be- 
“  gins  to  make  its  appearance  in  little,  fine,  ikining 
“  plates,  .floating  on  the  furface  of  the  liquor.  1  he 
“  evaporation  is  then  to  be  flopped,  and  the  plates 
“  will  by  little  and  little  encreaie  in  thicknefs  and 
breadth.  They  unite  together  into  little  tufts, 
“  forming  with  each  other  iundry  different  groups. 
“  If  the  veffel  be  ever  fo  little  itirred,  the  regularity 
“  of  the  cryftais  will  be  difturbed  ;  fo  thatlt  mult 
“  not  be  touched  till  the  cryftallization  appears  to  be! 

fini  filed.  I  he  cryflalline  cluflers,  being  grown 
“  too  bulky  and  too  heavy,  will  then  fall  of  them-; 

“  felves 
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cc  felves  to  the  bottom  of  the  veffel.  This  being  ob- 
“  ferved,  the  faline  liquor  muff  be  gently  decanted 
u  from  thofe  little  cryftals,  which,  as  they  are  not  ea- 
“  fily  diffolved,  mull  be  wafhed  clean,  by  pouring 
cc  cold  water  (lowly  on  the  Tides  of  the  pan,  three  or 
“  four  times  fuccdfively,  in  order  to  rinfe  out  all  re- 
“  mains  of  the  faline  liquor,  and  then  fetfirft  to  drain, 
“  and  afterwards  to  dry  in  the  fun.  This  Salt,  in  the 
<c  form  of  light  flakes  of  fnow,  is  now  foft  to  the 
touch,  cool  in  the  mouth,  {lightly  bitter,  crackling 
a  little  between  the  teeth,  and  leaving  a  fmall  im- 
“  prelflon  of  acidity  on  the  tongue.  It  will  keep  long 
“  without  giving  or  calcining,  if  managed  accord* 
“  ing  to  the  preceding  diredions  ;  that  is,  if  it  be 
“  exadly  freed  from  its  faline  liquor. 

66  It  differs  from  the  Sedative  Salt  obtained  by 
cc  fublimation  in  this  refpedt  only,  that  notwith- 
cc  Handing  its  feeming  lightnefs  it  is  a  little  heavier 
“  than  the  other.  M.  Geoffroy  fuppofes  the  caufe 
ct  of  this  weight  to  be,  that,  as  feveral  of  the  thin 
ct  plates  adhere  together  in  cryftaJlizing,  they  retain 
“  between  them  fome  fmall  matter  of  humidity  ;  or, 
“  if  you  will,  that,  as  they  form  larger  cryftals,  they 
<c  prefent  lefs  furface  to  the  air  which  elevates  light 
“  bodies:  whereas,  on  the  contrary,  the  other  Se- 
“  dative  Salt,  being  driven  up  by  the  force  of  fire, 
tc  rifes  into  the  head  of  the  cucurbit  in  a  more  fubtile 
“  form,  having  its  particles  much  more  expanded 
u  and  divided. 

“  M.  Geoffroy,  having  put  his  Sedative  Salt  made 
6C  by  cryftallization  to  all  the  fame  trials  with  that 
made  by  fublimation,  fatisfied  hi mfelf  that  there 
is  no  other  difference  between  the  two.  If  the 
“  Sedative  Salt  made  by  cryftallization  happens  to 
“  calcine  in  the  fun  ;  that  is,  if  its  luftre  tarnifhes, 
“  and  its  furface  grows  mealy,  ’tis  a  fign  that  it  ftill 
“  contains  either  a  little  Borax  or  fome  Glauber’s 
u  Salt  :  for  thefe  two  Salts  are  apt  to  calcine  in  this 
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€t  manner,  and  pure  Sedative  Salt  fhould  not  be  fub- 
“  j eft  to  this  inconvenience.  In  order  to  purify  it, 
“  and  free  it  entirely  from  thofe  Salts,  it  muft  be 

diftblved  once  more  in  boiling  water.  As  foon  as 
“  the  water  cools,  the  Sedative  Salt  re- appears  in 
44  light,  ihining,  cryfballine  plates,  fwimming  in  the 
46  liquor.  After  Handing  four  and  twenty  hours,  the 
44  liquor  muft  be  decanted,  and  the  fait  walhed  with 
44  frefh  water  j  by  which  means  it  will  be  very  pure 
44  and  beautiful.” 

Glauber  s  Salt  and  Borax  diilblve  in  water  with 
vaftly  more  eafe  than  the  Sedative  Salt,  and  confe- 
fluently  do  not  cryftallize  fo  readily  by  much  : 
fo  that  the  fmall  portion  of  thofe  faits,  which  may 
have  been  left  on  the  furface  of  the  Sedative  Salt,  be¬ 
ing  diffufed  through  a  large  quantity  of  water,  con¬ 
tinues  in  a  ftate  of  folution,  while  the  Sedative  Salt 
cryftallizes  ;  which  being  alfo  wafhed  afterwards  with 
fair  water,  it  is  impofiible  that  the  fmalleft  particle 
of  thofe  other  Salts  fhould  remain  adhering  to  it  \ 

and  confequently  this  muft  be  deemed  an  excellent 
way  of  purifying  it. 


S  E  C- 
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SECTION  If. 

Of  Operations  ckMetals. 

* 

— ■M— BMBMM— WUBWIMIMiiWW 

C  H  A  P.  I. 

Of  G  O  L  D. 


PROCESS  I. 

ff 0  feparate  Gold ,  by  Amalgamation  with  Mercury , 
from  the  Earths  and  Stones  with  which  it  is  found 
mixed. 

PULVERIZE  the  earths  and  ftones  contain¬ 
ing  Gold.  Put  the  powder  into  a  little  wooden 
tray  ;  dip  this  tray  in  water,  gently  ihaking  it  and  its 
contents.  The  water  will  grow  muddy,  by  taking 
up  the  earthy  parts  of  the  ore.  Continue  wafhingit 
in  this  manner  till  the  water  ceafe  to  appear  turbid. 
Upon  the  ore  thus  wafhed  pour  ftrong  vinegar,  hav¬ 
ing  firft  diffolved  therein,  by  the  help  of  heat,  about 
a  tenth  part  of  its  weight  of  alum.  The  powder 
mu  ft  be  quite  drenched  and  covered  with  this  liquor, 
and  fo  left  to  ftand  for  twice  twenty  four  hours. 

Decant  the  vinegar,  and  wafh  your  powder  with 
warm  water,  till  the  laft  that  comes  off  hath  no  tafte: 
then  dry  it,  and  put  it  into  an  iron  mortar,  with 
four  times  its  weight  of  Quick-filver  :  triturate  the 
whole  with  a  heavy  wooden  peftle,  till  all  the  pow¬ 
der  be  of  a  blackifh  colour  :  then  pour  in  a  little  wa¬ 
ter,  and  continue  rubbing  for  fome  time  longer. 
More  earthy  and  heterogeneous  particles  will  be  le- 
parated  from  the  metalline  parts  by  means  of  this 

U  4  ~  water 
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water,  which  will  look  dirty  :  it  muft  then  be  decan¬ 
ted,  and  more  fair  water  added.  Repeat  this  feveral 
times  ;  then  dry  what  remains  in  the  mortar  with  a 
fponge,  and  by  the  help  of  a  gentle  heat  ;  you  will 
find  it  an  Amalgam  of  the  Mercury  with  the  Gold. 

Put  this  Amalgam  into  a  chamoy  bag  :  tie  a  knot 
on  its  neck,  and  fqueeze  it  hard  between  your 
fingers,  over  fome  wide-mouthed  veffel  ;  there  will 
iflue  through  the  pores  of  the  leather  numberlefs  lit¬ 
tle  jets  of  Mercury,  forming  a  fort  of  fhower,  that 
will  colled:  into  large  globules  in  the  vefiel  placed 
underneath.  When  you  can  force  out  no  more  Mer¬ 
cury  by  this  means,  open  the  bag,  and  in  it  you  will 
find  the  Amalgam  freed  from  the  fuperfluous  Mer¬ 
cury  »,  the  Gold  retaining  only  aboutas  much  there¬ 
of  as  nearly  equals  itfelf  in  weight. 

Put  this  Amalgam  into  a  glafs  retort  :  fet  this  re¬ 
tort  in  the  fand  bath  of  a  reverberating  furnace  ;  co¬ 
ver  it  quite  over  with  fand  -,  apply  a  glafs  receiver 
half  full  of  water,  fo  that  the  nofe  of  the  retort  may 
be  under  the  water.  The  receiver  need  not  be  luted 
to  the  retort.  Give  a  gradual  heat,  and  raife  the 
fire  till  drops  of  the  fublimed  Mercury  appear  in 
the  neck  of  the  retort,  and  fall  into  the  water  with 
a  luffing  noife.  If  you  hear  any  noife  in  the  retort, 
fiacken  your  fire  a  little.  Laftly,  when  you  obferve 
that,  though  you  raife  the  fire  ftill  higher  than  be¬ 
fore,  nothing  more  will  come  over,  take  out  your 
retort,  break  it,  and  there  you  will  find  the  Gold, 
which  muft  be  melted  in  a  crucible  with  Borax. 

O  B  S  ER  VA  T 10  N  St 

Gold  is  a  perfedl  metal,  which  can  by  no  means 
be  deprived  of  its  Phlogifton,  and  on  "which  few, 
even  of  the  molt  powerful  chymical  folvents,  have 
any  effeét  :  and  therefore  it  almoft  always  hath  its 
metalline  form  when  found  in  the  earth  ;  from  which 
it  may  fométinaes  be  feparated  by  fimple  lotion. 
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The  Gold  dull  found  in  the  fands  of  certain  rivers 
is  of  this  kind.  When  it  refides  in  ftones,  or  tena¬ 
cious  earths,  it  may  be  extracted  by  the  procefs  here 
delivered  ♦,  to  wit,  by  Amalgamation  or  combi¬ 
nation  of  Mercury  with  the  Gold.  Mercury  is  inca¬ 
pable  of  uniting  with  any  earthy  fubftances,  not  e- 
ven  with  the  metallic  earths,  when  they  are  deprived 
of  their  Fhlogifton  and  confequently  have  not  the 
metalline  form. 

Hence  it  follows  that  when  Mercury  is  triturated 
with  particles  of  Gold,  of  earth,  and  of  ftone,  min¬ 
gled  together,  it  unites  with  the  Gold,  and  feparates 
it  from  thofe  heterogeneous  matters.  Yet,  if  there 
be  along  with  the  Gold  any  other  metal,  in  its  me¬ 
talline  form,  except  Iron,  the  Mercury  will  amalga¬ 
mate  with  that  alio.  This  often  happens  to  Silver, 
which  being  a  perfect  metal,  as  well  as  Gold,  is  for 
that  reafon  fometimes  dug  up  in  its  metalline  form, 
and  even  incorporated  with  Gold.  When  this  is 
the  cafe,  the  mafs  that  remains  in  the  retort,  after 
abftradting  the  Mercury  of  the  Amalgama,  is  a  com¬ 
pound  of  Gold  and  Silver,  which  are  to  be  feparated 
from  each  other  by  the  methods  we  fhall  give  for 
that  purpofe.  The  prelent  procefs  is  therefore  ap¬ 
plicable  to  Silver  as  well  as  Gold. 

Sometimes  Gold  is  intimately  combined  with  fuch 
mineral  matters  as  hinder  the  Mercury  from  adding 
upon  it.  In  that  cafe  the  mixed  mafs  muft  be  roaft- 
ed  before  you  proceed  to  Amalgamation  :  for  if  the 
matters  be  volatile,  fuch,  for  inftance,  as  antimony 
or  arfenic,  the  Rre  will  carry  them  off;  fo  that  after 
roafting  the  Amalgamation  will  fucceed.  But  fome¬ 
times  thefe  matters  are  fixed,  and  require  fufion  ;  if 
fo,  recourfe  muft  be  had  tofome  particular  methods, 
which  we  fhall  defcribe  when  we  come  to  treat  of  Sil¬ 
ver,  as  thele  two  perfedl  metals  are  to  fie  treated  in 
the  fame  manner. 
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Ores  containing  Gold  mult  be  wafhed  before  an 
A  malgam  is  attempted  ;  that  the  metalline  parts,  be¬ 
ing  freed  from  the  numerous  particles  of  earth  with 
which  they  are  encompaffed,  may  the  more  readily 
incorporate  with  the  Mercury.  Befides,  it  is  the  pro¬ 
perty  of  Mercury  to  take  the  form  of  a  dark  unme- 
jtallic  powder,  after  being  long  rubbed  with  other 
matters,  fo  that  it  cannot  be  eafily  diftinguifhed  from 
the  particles  of  earth.  And  hence,  if  you  ftill  con¬ 
tinue  to  grind  the  matters  together  after  the  Amal¬ 
gamation  is  completed,  and  wafh  them  again  and 
again,  the  water  that  comes  off  will  always  look  tur¬ 
bid?  being  impregnated  with  fome  particles  of  the 
Amalgam.  This  is  eafily  proved  :  for  if  you  let 
the  turbid  water  fettle,  and  diftiil  the  fediment,  you 
will  obtain  Quick- filver  from  it. 

The  ore  is  to  be  Beeped  in  vinegar  charged  with 
alum,  in  order  to  cleanfe  the  furface  of  the  Gold, 
which  is  often  covered  with  a  thin  coat  of  earth  that 
obftrudls  the  Amalgamation. 

Great  care  mu  ft  be  taken  that  the  Mercury  em¬ 
ployed  in  this  operation  be  very  pure.  If  it  be  adul¬ 
terated  with  any  metallic  fubftance,  it  muff  be  freed 
therefrom  by  the  methods  which  we  fhall  propofe 
in  their  proper  place. 

The  way  of  feparating  Mercury  from  Gold  is 
founded  on  the  different  properties  of  thefe  two  me¬ 
tallic  ftibftances  ;  the  one  being  exceedingly  fixed, 
and  the  other  very  volatile.  The  union  wdiich  Mer¬ 
cury  contracts  with  the  metals  is  not  intimate  enough 
to  give  the  new  compound  which  refults  therefrom 
all  the  properties  of  either  of  the  two  united  fub- 
ffances  ;  at  lead  fo  far  as  concerns  their  degrees  of 
fixity  and  volatility.  Hence  it  comes  that  in  our 
Amalgam  the  Gold  communicates  but  very  little  of 
its  fixity  to  the  Mercury,  and  the  Mercury  commu¬ 
nicates  to  the  Gold  but  very  iittle  of  its  volatility. 

Yet  if  the  Mercury  be  diftilled  off  with  a  much 
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greater  degree  of  heat  than  is  neceflary  to  elevate  it, 
a  pretty  confiderable  quantity  of  Gold  will  molt  cer¬ 
tainly  be  carried  up  along  with  it. 

It  is  alfo  of  confequence,  on  another  account, 
that  the  fire  be  duly  governed  on  this  occafion.  For 
if  too  great  a  degree  of  heat  be  applied,  and  the 
fire  afterwards  lowered,  the  water  in  the  receiver, 
which  covers  the  nofe  of  the  retort,  will  rife  into  its 
body,  break  it  to  pieces,  and  fpoil  the  operation. 

The  caufe  of  this  phenomenon  depends  on  the 
property  which  air  pofifefles  of  rarefying  with  heat 
and  condenfing  with  cold,  joined  to  its  weight.  As 
foon  as  the  retort  is  adted  on  by  a  lefs  degree  of  heat 
than  adted  on  it  the  inftant  before,  the  air  contained 
therein  is  condenfed,  and  leaves  a  vacuum?  which 
the  external  air,  by  virtue  of  its  weight,  tends  to 
occupy  ;  but,  the  orifice  of  the  retort  being  under 
water,  the  external  air  can  no  way  gain  admittance, 
but  by  pufhing  in  before  it  the  water  which  inter¬ 
cepts  its  pafifage.  This  caution,  as  we  obfeçved  above, 
muft  be  applied  to  all  diftillations  where  the  vefiels 
are  difpofed  as  they  are  in  this. 

Care  muft  alfo  be  taken  that  the  nofe  of  the  retort 
be  not  placed  too  deep  under  water  :  for  as  the  neck 
grows  very  warm  during  the  operation,  becaufe  the 
degree  of  heat  required  to  raife  Mercury  is  about 
three  times  greater  than  that  which  raifes  water,  it 
may  eafily  be  broken  by  the  contact  of  the  cold  wa¬ 
ter  in  the  receiver. 

This  method  of  extracting  Gold  and  Silver  from 
their  ores,  by  Amalgamation  with  Mercury,  is  not 
to  be  abfolutely  depended  on  as  a  fine  proof  of  the 
quantity  of  thofe  metals  that  may  be  contained  in 
the  earth  afifayed  by  this  means  :  for  fome  fmall  part 
of  the  Amalgam  is  always  loft  in  walking  it  -,  and 
moreover,  the  Mercury,  when  fqueezed  through 
chamoy,  always  carries  with  it  a  fmall  portion  of 
Gold.  So  that  if  you  defire  to  know  more  ex¬ 
actly 
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adly,  by  this  method,  the  quantity  of  Gold  or  Sil¬ 
ver  contained  in  any  earth,  the  Amalgam  mult  not 
be  fqueezed  through  chamoy,  but  diftilled  altoge¬ 
ther.  Much  the  line  ft  method  of  making  an  accu¬ 
rate  affay  is  that  by  fufion  and  fcorification,  which 
we  fliall  defcribe  under  the  head  of  Silver. 

In  fome  countries,  and  efpecially  in  America, 
the  method  of  Amalgamation  is  ufed  for  extracting 
Gold  and  Silver  in  large  quantities  from  the  ma¬ 
trices  which  contain  them  in  their  metalline  form. 
Agricola  and  other  metallurgifts  have  defcribed  the 
machines  by  means  whereot  iuch  Amalgamations 
are  managed. 


PROCESS  II. 

dijfolve  Geld  in  Aqua  régis,  and  by  that  means  to 
feparate  it  from  Silver.  Aurum  Fulminans.  Au- 
rum  Fulminans  reduced. 

TAKE  Gold  that  is  perfectly  pure,  or  alloyed 
with  Silver  only.  Reduce  it  to  little  thin 
plates,  by  hammering  it  on  an  anvil.  If  it  be  not 
fufficiently  tougffi  neal  it  till  it  be  red  in  a  moderate, 
cleat  fire,  quite  free  from  fmoking  coals,  and  then 
Set  it  cool  gradually,  which  will  reftore  its  dudility. 

When  the  plates  are  thin  enough,  make  them  red 
hot  once  more,  and  cut  them  into  fmall  bits  with  a 
pair  of  fheers.  ^  Put  thefe  bits  into  a  tall,  narrow¬ 
mouthed  cucui  bit,  and  pour  on  them  twice  their 
weight  of  good  Aqua  régis ,  made  of  one  Dart  Sal 
Ammoniac,  or  Spirit  of  Salt,  and  four  parts  Spirit  of 
Nitre.  Set  the  cucurbit  in  a  fand-bath  moderately 
heated,  flopping  its  orifice  flight!/  with  a  paper 
coffin,  to  prevent  any  dirt  from  falling  in.  The 
Aqua  régis  will  presently  begin  to  fmoke.  Round 
toe  little  oits  of  Orold  wifi  be  formed  an  infinite 
number  of  fmall  bubbles,  which  will  rile  to  the 
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Surface  of  the  liquor.  The  Gold  will  totally  dif- 
folve,  if  it  be  pure,  and  the  folution  will  be  of  a 
beautiful  yellow  colour  :  if  the  Gold  be  alloyed 
with  a  fmall  quantity  of  Silver,  the  latter  will  re¬ 
main  at  the  bottom  of  the  veffel  in  the  form  of  a 
white  powder.  If  the  Gold  be  alloyed  with  much 
Silver,  when  the  Gold  is  difTolved  the  Silver  will  re¬ 
tain  the  form  of  the  little  metalline  plates  put  into 
the  veffel.  ' 

When  the  diffolution  is  completed,  gently  pour 
off  the  liquor  into  another  low,  wide-mouthed, 
glafs  cucurbit,  taking  care  that  none  of  the  Silver, 
which  lies  at  the  bottom  in  the  form  of  a  powder, 
efcape  with  the  liquor.  On  this  powder  of  Silver 
pour  as  much  frelh  Aqua  régis  as  will  cover  it  en¬ 
tirely  ;  and  repeat  this  till  you  are  fure  that  nothing 
more  can  be  taken  up  by  it.  Laftly,  having  de¬ 
canted  the  Aqua  régis  from  the  Silver,  wafh  the  Sil¬ 
ver  with  a  little  Spirit  of  Salt  weakened  with  water, 
and  add  this  Spirit  of  Salt  to  the  Aqua  régis  in  which 
your  Gold  is  difTolved.  Then  to  the  body  contain¬ 
ing  thefe  liquors  fit  a  head  and  a  receiver,  and  diftiil 
with  a  gentle  heat,  till  the  matter  contained  in  the 
cucurbit  become  dry. 

O  B  S  E  R FAT 10  NS . 

It  is  certain  that  Aqua  régis  is  the  true  Solvent  of 
Gold,  and  that  it  does  not  touch  Silver  :  fo  that  if 
the  Gold  difTolved  in  it  were  alloyed  with  Silver, 
which  is  often  the  cafe,  the  two  metals  would  by 
this  means  be  pretty  accurately  Separated  from  each 
other.  But  if  you  defire  to  obtain  from  this  folution  a 
Gold  abfolutely  pure,  you  muff  free  it,  before  you 
diffolve  it,  from  every  other  metallic  fubflance  but 
Silver  ;  becaufe  Aqua  régis  a£ts  upon  moft  of  the 
other  metals  and  the  femi- metals.  We  Shall  Shew 
under  the  head  of  Silver,  as  we  promifed  before, 
how  to  purify  a  mafs  of  Gold  and  Silver  from  every 

other 
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other  metallic  alloy.  Thither  alfo  we  refer  the  com¬ 
mon  Parting  Allay  performed  by  means  of  Aqua 
fortis  ;  becaufe  in  that  operation  the  Silver  is  diffolv- 
ed,  and  not  the  Gold. 

If  the  Gold  put  to  diffolve  in  Aqua  régis  be  pure, 
the  diffolution  is  eafily  and  readily  effeded.  But  if, 
on  the  contray,  it  be  alloyed  with  Silver,  the  Aqua 
régis  finds  more  difficulty  in  diffolving  it.  Nay,  If 
the  Silver  exceed  the  Gold  in  quantity,  the  diffolu- 
tion  will  not  take  place  at  all,  for  the  reafons  ad¬ 
duced  in  our  Theoretical  Elements  ;  of  which  we 
fiiall  fpeak  more  fully  when  we  come  to  treat  of 
the  Parting  A  If ay. 

In  the  procefs  we  di reded  the  Gold  to  be  difiolv- 
ed  in  a  tail  body.  This  precaution  is  neceffary  to 
prevent  the  lofs  of  fome  part  thereof  :  for  it  is  the 
property  of  Aqua  régis  to  carry  off  along  with  it  fome 
of  the  Gold,  efpecially  if  there  be  any  Sal  Ammoniac 
in  its  compofition,  if  the  veffel  be  heated  while 
the  diffolution  is  going  on,  or  if  the  Aqua  régis  be 
very  ftrong.  Yet  it  is  proper  to  make  ufe  of  Aqua 
régis  that  is  too  ftrong  rather  than  too  weak  :  for 
if  it  prove  too  ftrong,  and  be  obferved  not  to  ad  up¬ 
on  the  metal  for  that  reafon,  it  is  eafy  to  weaken 
it,  by  gradually  adding  fin  all  quantities  of  pure 
water,  till  you  perceive  it  begin  to  ad  with  vigour. 
This  is  a  general  rule  regarding  all  metallic  diffolu- 
tions  in  Acids. 

When  the  folution  of  Gold  is  evaporated  to  dry- 
nefs,  if  you  defire  to  reduce  into  a  mafs  the  Gold 
duft  left  at  the  bottom  of  the  cucurbit,  you  muff 
put  it  into  a  crucible,  and  cover  it  with  pulverized 
borax,  mixed  with  a  little  nitre  and  calcined  wine» 
lees  ;  then  cover  the  crucible  clofe,  heat  it  with  a 
moderate  fire,,  which  muft  be  afterwards  increafed 
fo  as  to  melt  the  contents.  At  the  bottom  of  the 
crucible  you  will  find  a  lump  of  Gold,  over  which 
the  faits  you  added  will  be  as  it  were  vitrified.  Thefe 
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faits  are  added  chiefly  to  promote  the  fuflon  of  the 
metal. 

The  Gold  may,  if  you  will,  be  feparated  from 
its  folvent  without  evaporating  the  folution  as  a- 
bove  directed.  You  need  only  mix  with  the  folu¬ 
tion  a  fixed  or  volatile  Alkali  by  little  and  little, 
till  you  fee  no  more  precipitate  fall,  and  then  let  the 
liquor  Hand  to  fettle,  at  the  bottom  of  which  you 
will  find  a  fediment  :  filter  the  whole,  and  dry 
what  is  left  on  the  filter. 

Both  fixed  and  volatile  Alkalis  pofteffing,  as 
hath  been  frequently  repeated,  a  greater  affinity 
with  Acids  than  metallic  fubftances  have,  they  pre¬ 
cipitate  the  Gold,  and  feparate  it  from  the  Acids  in 
which  it  is  difiolved  :  but  it  is  of  great  confequence 
to  take  notice  that,  if  you  attempt  to  melt  this  preci¬ 
pitated  Gold  in  a  crucible,  it  will  fulminate  as  foon 
as  it  feels  the  heat,  with  fuch  a  terrible  explofion, 
that,  if  the  quantity  be  at  all  confiderable,  it 
may  prove  fatal  to  the  operator  :  even  rubbing  it  a 
little  hard  will  make  it  blow  up.  This  preparation 
is  therefore  called  Aurum  Fulminans . 

Hitherto  no  fatis factory  explanation  hath  been 
given  of  this  phenomenon.  Some  Chymifts  confi- 
dering  that,  in  the  precipitation  of  the  Gold,  a  Nitre 
is  regenerated  by  the  union  of  the  Alkali  with  the  Ni¬ 
trous  Acid  which  enters  into  the  compofition  of  the^f- 
qua  régis ,  imagine  that  fome  of  this  regenerated  Nitre, 
combining  with  the  precipitated  Gold,  takes  fire  and 
detonates,  either  by  means  of  fome  fmall  portion  of 
Phlogifton  that  may  be  contained  in  the  Alkali,  or 
by  means  of  that  which  conftitutes  the  Gold  itfelh 
But,  in  the  firft  place,  ’tis  well  known  that  Fixed. 
Alkalis  do  not  contain  Phlogiflon  enough  to  make 
Nitre  detonate.  Indeed,  if  a  Volatile  Alkali  be 
employed  in  the  precipitation,  a  Nitrous  Ammonia¬ 
cal  Salt  will  be  formed,  containing  Phlogifton  enough 

to 
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to  be  capable  of  detonating  without  the  concourfe 
of  any  additional  Phlogiflon  :  but  this  detonation 
of  the  Nitrous  Ammoniacal  Salt  is  not  to  be  com¬ 
pared,  as  to  the  violence  of  its  effects,  with  the  ful¬ 
mination  of  Gold.  Befides,  we  do  not  find  that 
Gold  precipitated  by  a  Volatile  Alkali  explodes  with 
greater  force  than  that  precipitated  by  a  Fixed  Al¬ 
kali.  As  for  the  Gold,  5tis  certain  that  it  fuffers  no 
decompofition  at  all  by  fulminating.  When  fulmi¬ 
nated  under  a  glafs  bell,  in  fuch  fmall  quantities  as 
not  to  endanger  the  operator,  the  Gold  is  found  feat- 
tered  about  under  the  bell  in  very  fine  particles,  with¬ 
out  having  undergone  any  alteration. 

Others  have  fancied  this  fulmination  of  the  Gold 
to  be  nothing  but  the  decrepitation  of  the  Sea-falt  that 
is  regenerated,  in  the  precipitation  of  the  metal,  by  the 
Fixed  Alkali  uniting  with  the  Acid  of  Sea-falt  which 
makes  part  of  the  Aqua  régis .  But  to  this  it  may 
be  faid,  that  Gold  precipitated  by  a  Volatile  Alkali 
fulminates  as  violently  as  that  precipitated  by  a  Fixed 
Alkali  j  and  yet  no  Sea-falt  can  be  formed  in  the 
liquor  by  the  addition  of  a  Volatile  Alkali,  but  only 
a  Sal  Ammoniac  which  has  not  the  property  of  de¬ 
crepitating.  Moreover,  there  is  no  comparifon,  as 
to  the  effedls,  between  the  decrepitation  of  Sea  fait 
and  the  fulmination  of  Gold. 

Nor,  laftly,  can  this  fulmination  be  attributed, 
as  it  is  by  fome,  to  the  effort  made  by  the  Salts  to 
efcape  from  amidfl  the  particles  of  Gold,  in  which 
they  are  fuppofedby  them  to  be  imprifoned  :  for  then 
we  might  deprive  this  Gold  entirely  of  its  fulminat¬ 
ing  quality  by  only  boiling  it  in  water,  and  fo 
walking  off  all  the  faline  particles,  which  probably 
adhere  to  its  furface  only.  It  is  plain  there  is  great 
room  for  very  beautiful  difeoveries  on  this  fubjedh 
In  Walerius’s  Mineralogy  we  find  fome  obfervations 
that  may  throw  a  little  light  on  the  point  before  us. 
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tc  The  quantity,  fays  he,  of  fulminating  Gold 
cc  precipitated  exceeds  that  of  the  Gold  diffolved  : 
“  if  the  Aqua  régis  be  made  with  Sal  Ammoniac  the 
“  explofion  will  be  ftronger;  it  will  alfo  be  more 
cc  violent  if  the  folution  be  precipitated  with  a  Vola- 
<c  tile  Alkali,  than  if  a  Fixed  Alkali  be  ufed  for  that 
“  purpofe.” 

One  of  the  fpeedieft  and  eafieft  methods  to  deprive 
this  Gold  of  its  fulminating  quality,  is  to  grind  in  a 
mortar  twice  as  much  flowers  of  Sulphur  as  you  have 
Gold  to  reduce,  mixing  your  fulminating  Gold 
therewith  by  little  and  little  as  you  grind  them 
together;  then  to  put  the  mixture  into  a  crucible, 
and  heat  it  juft  enough  to  melt  the  Sulphur.  Part 
of  the  Sulphur  will  be  diihpated  in  vapours,  and  the 
reft  will  burn  away.  When  it  is  quite  confumed, 
encreafe  the  fire  fo  as  to  make  the  crucible  red-hot. 
When  you  perceive  no  more  fmell  of  Sulphur,  pour 
on  the  Gold  a  little  Borax,  previouQy  melted  in  an¬ 
other  crucible  with  a  Fixed  Alkali,  as  calcined  Wine- 
lees,  or  Nitre  fixai  with  Tartar;  and  then  raife  the 
fire  fufficiently  to  make  the  whole  flow.  After  the 
fufion  is  completed  you  will  find  a  button  of  Gold  at 
the  bottom  of  the  crucible  under  the  faits. 

Fulminating  Gold  may  alfo  be  reduced  by  pour¬ 
ing  on  it  a  fufficient  quantity  of  fixed  Alkali  redu¬ 
ced  to  a  liquor,  or  of  Oil  of  Vitriol,  evaporating  all 
the  moifture,  and  gradually  throwing  what  remains, 
mixed  up  with  fome  pinguious  matter,  into  a  cruci¬ 
ble  kept  red-hot  in  a  furnace.  The  reafon  why  thefe 
fubftances  deprive  the  Gold  of  its  fulminating  qua¬ 
lity  depends  on  the  caufes  that  produce  the  fulmi¬ 
nation. 

Gold  may  alfo  be  feparatedfrom  Aqua  régis,  and  pre¬ 
cipitated  by  the  means  of  feveral  metallic  fubftances 
that  have  a  greater  affinity,  either  with  Aqua  régis ,  or 
with  one  of  the  two  Acids  that  compofe  it.  Mercury  is 
one  of  the  fitteft  for  this  purpofe.  On  dropping  a  folu- 
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tion  of  Mercury  in  the  Nitrous  Acid  by  little  and  lit¬ 
tle  into  a  folution  of  Gold,  the  mixture  becomes 
turbid,  and  a  precipitate  is  formed.  Continue  drop¬ 
ping  in  more  of  the  folution  of  Mercury  till  no  more 
precipitate  falls  ;  then  let  the  liquor  ftand  to  fettle, 
and  at  the  bottom  of  it  you  will  find  a  fediment, 
which  is  the  precipitated  Gold  :  pour  off  the  liquor 
by  inclination,  and  wafh  the  precipitate  with  fair 
water. 

Mercury  hath  a  greater  affinity  with  the  Marine 
than  with  the  Nitrous  Acid.  The  affinity  which 
Mercury  hath  with  the  Marine  Acid  is  alfo  greater 
than  that  of  Gold  with  the  Marine  Acid  *,  for  un- 
lels  this  Acid  be  afiociated  either  with  the  Nitrous 
Acid,  or  at  lead:  with  a  certain  proportion  of  Phlo- 
gifton,  it  will  not  diflolve  Gold.  Hence  it  comes 
that  when  a  folution  of  Mercury  in  the  Nitrous  Acid 
is  dropped  into  a  folution  of  Gold  in  Aqua  régis ,  the 
Mercury  unites  with  the  Acid  of  Sea- fait,  which  is 
an  ingredient  in  th t  Aqua  régis  :  but  the  Marine  Acid 
cannot  on  this  occafion  join  the  Mercury,  without 
deferting  the  Gold  and  the  Nitrous  Acid  with  which 
it  was  united  -,  and  then  the  Gold,  which  cannot  be 
kept  in  folution  by  the  Nitrous  Acid  alone,  is  forc¬ 
ed  to  quit  its  folvent  and  precipitate  The  liquor 
therefore,  that  now  floats  over  the  Gold  thus  precipi¬ 
tated,  mull  contain  Mercury  united  with  the  Acid 
of  ^ea-falt  ;  and  in  fad  it  yields  a  true  Corrofive 
Sublimate,  which  is  known  to  be  a  combination  of 
Mercury  with  the  Marine  Acid. 

Mercury  diffolved  in  Spirit  of  Nitre  is  employed 
to  procure  the  precipitation  we  are  fpeaking  of;  be- 
caufe  metallic  fubftances,  when  lb  comminuted 
by  an  Acid,  are  much  fitter  for  fuch  experiments 
than  when  they  are  in  a  concrete  form. 

Gold  precipitated  in  this  manner  by  a  metallic 

fubftanee  doth  not  fulminate. 
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PROCESS  III. 

"To  d jfohe  Gold  by  Liver  of  Sulphur. 

MI  X  together  equal  parts  of  common  Brim- 
ftone,  and  a  very  flrong  Fixed  Alkali  ;  lor 
inftance,  Nitre  fixed  by  charcoal.  Put  them  in  a  cruci¬ 
ble,  and  melt  the  mixture,  ftirring  itfrom  time  to  time 
with  a  fmall  rod.  T  here  is  no  occafion  to  make  the 
fire  very  brific,  becaufe  the  Sulphur  facilitates  the 
fufion  of  the  fixed  Alkali.  Some  fulphureous  va¬ 
pours  will  rife  from  the  crucible  :  the  two  fubfhnces 
will  mix  intimately  together,  and  form  a  reddifh 
compound.  7  hen  throw  into  the  crucible  foms 
little  pieces  of  Gold  beat  into  thin  plates,  fo  that  the 
whole  do  not  exceed  in  weight  one  third  part  of  the 
Liver  of  Sulphur:  raife  the  fire  a  little.  As  foon 
as  the  Liver  of  Sulphur  is  perfe&ly  melted,  it  will 
begin  to  difiolve  the  Gold  with  ebullition  ;  and  will 
even  emit  fome  flafhes  of  fire.  In  the  fpace  of  a  few 
minutes  the  Gold  will  be  entirely  difiolved,,  efpeci- 
ally  if  it  was  cut  and  flatted  into  fmall  thin  leaves. 

OBSERVATIONS . 

The  proceis  here  delivered  is  taken  from  M, 
Stahl.  The  defign  of  that  ingenious  Ch  y  mill’s  en¬ 
quiries  was  to  difcover  how  Mofes  could  burn  the 
golden  calf,  which  the  Ilraelites  had  let  up  and  wor- 
lhipped  while  he  was  on  the  mount  ;  how  he  could 
afterwards  reduce  that  calf  to  powder,  throw  it  into 
the  water  which  the  people  ufed,  and  make  ail 
who  had  apoflatized  drink  thereof,  as  related  in 
the  Book  of  Exodus. 

M.  Stahl,  having  firfb  obferved  that  Gold  is  ab- 
folutely  inalterable  and  indeftruflible  by  the  force  of 
fire  alone,  be  it  ever  fo  violent,  concludes,  that 
without  a  miracle  Mofes  could  no:  pofnbly  perform 
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the  above  mentioned  operations  on  the  golden  calf 
any  way  but  by  mixing  with  the  Gold  feme  matter 
qualified  to  alter  and  dilToive  it*  He  then  takes  no» 
tice  that  pure  Sulphur  docs  not  a£l  upon  Gold  at 
all,  and  that  many  other  fu  bilan  ces,  which  are 
thought  capable  of  dividing  and  diflblving  it,  can» 
not  however  do  it  fo  completely  as  is  neceflary  to 
render  that  metal  fufceptible  of  the  effects  related.  He 
then  gives  the  method  of  diflblving  it  by  Liver  of 
Sulphur  defcribed  in  the  procefs. 

Liver  of  Sulphur  diffolves  likewife  all  the  other 
metals  :  but  M.  Stahl  obferves  that  it  attenuates 
Gold  more  than  any  other  metallic  fubftance,  and 
unites  with  it  much  more  intimately  than  with  the 
reft.  This  appears  from  what  happens  on  attempting 
to  diflolve  in  water  any  ef  the  mixes  reful ting  from 
the  union  of  another  metal  with  Liver  of  Sulphur  : 
for  then  the  metal  feparates,  and  appears  in  the  form 
of  a  powder  or  fine  calx  ^  whereas,  when  Gold  is 
united  with  Liver  of  Sulphur,  the  whole  compound 
diftolves  in  water  fo  perfectly,  that  the  Gold  even 
paffes  with  the  Liver  of  Sulphur  through  the  pores 
of  filtering  paper* 

If  an  Add  be  poured  into  a  folution  of  this  com¬ 
bination  of  Gold  with  Liver  of  Sulphur,  the  Acid 
unites  with  the  Alkali  of  the  Hepar ,  and  the  Gold 
falls  to  the  bottom  of  the  liquor  along  with  the 
Sulphur,  which  doth  not.  quit  it.  The  Sulphur  thus 
precipitated  with  the  Gold  is  eafily  carried  off  by  a 
flight  torrefadion,  after  which  the  Gold  remains  ex¬ 
ceedingly  comminuted.  The  Sulphur  of  this  com¬ 
pound  may  alfo  be  deftroyed  by  torréfaction,  with¬ 
out  the  trouble  of  a  previous  folution  and  precipi¬ 
tation,  and  then  alfo  the  Gold  remains  fo  attenuated 
as  to  be  mifcible  with  liquors,  and  floats  on  them, 
or  fwims  in  them,  in  fuch  a  manner  that  it  may 
eafily  be  fwaliowed  with  them  in  drinking.  From 
all  this  M.  Stahl  concludes  there  is  preat  reafon  to 

O 

believe 


Practice  Chymistry.  309 

believe  it  was  by  means  of  the  Liver  of  Sulphur 
that  Mofes  divided,  and  in  a  manner  calcined,  the 
golden  calf,  fo  that  he  could  mingle  it  with  water, 
and  make  the  Ifraelites  drink  it. 


PROCESS  IV. 

Vi 0  feparate  Gold  from  all  other  metallic  Suhftances  by 

meant  of  Antimony . 

HAVIN  G  put  the  Gold  you  intend  to  purify 
into  a  crucible,  fet  it  in  a  melting  furnace, 
cover  it,  and  make  the  Gold  flow.  When  the  me¬ 
tal  is  in  fufion  caft  upon  it,  by  a  little  at  a  time,  twice 
its  weight  of  pure  crude  Antimony  in  powder,  and 
after  each  proje&ion  cover  the  crucible  again  imme¬ 
diately  :  this  done  keep  the  matter  in  fufion  for  a 
few  minutes.  When  you  perceive  that  the  metallic 
mixture  is  perfectly  melted,  and  that  its  furface  be¬ 
gins  to  fparkle,  pour  it  out  into  a  hollow  iron 
cone,  previoufly  heated,  and  fmeared  on  the  in- 
fide  with  tallow.  Immediately  ftrike  with  a  ham¬ 
mer  the  floor  on  which  the  cone  Hands  ;  and  when 
all  is  cold,  or  at  leafl  fufficiently  fixed,  invert  the  cone 
and  ftrike  it  :  the  whole  metallic  mais  will  fall  out, 
and  the  under  part  thereof,  which  was  at  the  point 
of  the  cone,  will  be  a  Regulus  more  or  lefs  yellow 
as  the  Gold  was  more  or  lefs  pure.  On  ftriking 
the  metallic  mafs  the  Regulus  will  freely  part  from 
the  fulphureous  cruft  at  top. 

Return  this  Regulus  into  the  crucible,  and  melt 
it.  Lefs  fire  will  do  now  than  was  required  before. 
Add  the  fame  quantity  of  Antimony,  and  proceed 
as  at  firft.  Repeat  the  fame  operation  a  third  time, 
if  your  Gold  be  very  impure. 

Then  put  your  Regulus  into  a  good  crucible, 
much  larger  than  is  neceffary  to  hold  it.  Set  your 
crucible  in  a  melting  furnace,  and  heat  the  matter 
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but  juft  enough  to  make  it  flow,  with  a  fmooth,  bril¬ 
liant  furface.  When  you  find  it  thus  conditioned, 
point  towards  it  the  nofe  of  a  long-fnouted  pair  of 
bellows,  and  therewith  keep  gently  and  conftantly 
blowing.  There  will  arife  from  the  crucible  a  confide- 
table  fmoke,  which  will  abate  greatly  when  you  ceafe 
to  blow,  and  increafe  as  foon  as  you  begin  again. 
You  muft  raife  the  fire  gradually  as  you  approach 
towards  the  end  of  the  operation.  If  the  furface 
of  the  metal  lofe  its  brilliant  poliffi,  and  feem  co¬ 
vered  with  a  hard  cruft,  ’tis  a  fign  the  fire  is 
too  weak  ;  in  which  cafe  it  muft  be  increafed,  till 
the  furface  recover  its  fhining  appearance.  At  laft, 
when  no  more  fmoke  rifes,  and  the  furface  of  the 
Gold  looks  neat  and  greeniffi,  caft  on  it,  by  little 
and  little,  feme  pulverized  Nitre,  or  a  mixture  of 
Nitre  and  Borax.  The  matter  will  fwell  up.  Con¬ 
tinue  thus  adding  more  Nitre  gradually,  till  no  com¬ 
motion  is  thereby  produced  in  the  crucible  ;  and  then 
let  the  whole  cool.  If  you  find,  when  the  Gold  is 
cold,  that  it  is  not  tough  enough,  melt  it  over 
again  ;  when  it  begins  to  melt  caft  in  the  fame 
Salts  as  before  j  and  repeat  this  till  it  be  perfe&ly 
dudtfie. 

OBSERVATIONS. 

Antimony  is  a  compound,  confifting  of  a  fenfii- 
metallic  part  united  with  about  a  fourth  part  of 
its  weight  of  common  Sulphur.  It  appears,  in  the 
ninth  column  of  the  Table  of  Affinities,  that  all 
the  metals,  Mercury  and  Gold  excepted,  have  a 
greater  affinity  than  the  reguline  part  of  Antimony 
with  Sulphur.  If  therefore  Gold,  adulterated  with 
a  mixture  of  Copper,  Silver,  or  any  other  metal, 
be  melted  with  Antimony,  thofe  metals  will  unite 
with  the  Sulphur  of  the  Antimony,  and  feparate  it 
from  the  reguline  part,  which  being  thus  fet  free 
will  combine  and  be  blended  with  the  Gold.  Thefe 
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two  metallic  fubftances,  forming  a  mafs  far  heavier 
than  the  other  metals  mixed  with  the  fulphur,  fall 
together  to  the  bottom  of  the  crucible  in  the  form 
of  a  Regulus,  while  the  others  float  over  them  like 
a  fort  of  fcoria  or  flag  :  and  thus  the  Gold  is  freed 
from  all  alloy  but  the  reguline  part  of  the  Anti¬ 
mony. 

As  all  the  other  metals  have  a  great  affinity  with 
Sulphur,  and  Gold  is  the  only  one  that  is  capable 
of  refilling  its  adtion,  one  would  think  Sulphur 
alone  might  be  fufficient  to  free  it  from  the  metals 
combined  with  it,  and  that  it  would  therefore  be 
better  to  employ  pure  Sulphur,  in  this  operation, 
than  to  make  ufe  of  Antimony  -,  the  reguline  part 
of  which  remaining  united  with  the  Gold  re¬ 
quires  another  long  and  laborious  operation  to  get 
rid  of  it. 

Indeed,  ftridtly  fpeaking,  Sulphur  alone  would 
be  fufficient  to  produce  the  deflred  reparation  :  but 
it  is  proper  to  obferve  that,  as  Sulphur  alone  is  very 
combuftible,  mod  of  it  would  be  confumed  in  the 
operation  before  it  could  have  an  opportunity  to 
unite  with  the  metallic  fubftances  -,  whereas  when  it 
is  combined  with  the  Regulus  of  Antimony,  it  is 
thereby  enabled  to  bear  the  adtion  of  the  fire  much, 
longer  without  burning,  and  confequently  is  much 
fitter  for  the  purpofe  in  queftion.  Befides,  if  we 
were  to  make  ufe  of  pure  Sulphur,  a  great  part  of 
the  Gold,  which  is  kept  in  perfedl  fufion,  and  its  pre¬ 
cipitation  facilitated,  by  the  Regulus  of  Antimony, 
would  remain  confounded  with  the  fulphureous  fcoria. 

Neverthelefs,  feeing  the  metals  with  which  Gold 
is  alloyed  cannot  be  feparated  from  it  by  Antimony, 
but  that  a  quantity  of  Regulus  proportioned  to  the 
quantity  of  the  metals  fo  feparated  will  unite  with 
the  Gold,  and  that  the  more  Regulus  combines  with 
the  Gold,  the  more  tedious,  chargeable,  and  labo¬ 
rious  wili  the  operation  prove,  this  confideration 
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ought  to  have  feme  influence  in  diredting  our  pro- 
cds.  1  herefore,  if  the  Gold  be  very  impure,  and 
worie  than  fixteen  carats,  we  muft  not  mix  it 
with  crude  Antimony  alone,  but  add  two  drams  of 
pure  Sulphur  for  every  carat  the  Gold  wants  of 
fixteen*  and  leffen  the  quantity  of  Antimony  in 
proportion  to  that  of  the  real  Gold. 

It  is  neceflary  to  keep  the  crucible  clofe  covered, 
after  mixing  the  Antimony  with  the  Gold,  to  pre- 
vent  any  coals  from  falling  into  it  :  for,  if  that 
inould  happen,  the  melted  mais  would  puff  up  con- 
hdeiably,  and  might  perhaps  run  over. 

1  he  infide  of  the  cone,  into  which  you  pour  the 
melted  metallic  mafs,  muft  be  greafed  with  tallow, 
to  prevent  its  flicking  thereto,  and  that  it  may  come 
ea  ily  out.  Striking  the  floor,  on  which  the  cone 
witn  the  melted  metal  Hands,  helps  the  précipita- 
tion  and  defcent  of  the  Regulus  of  Gold  and  Anti- 
mon  y  to  the  bottom  of  the  cone. 

Lefs  file  is  requifite  to  melt  this  compound  Re- 
gulus,  in  order  to  add  frefh  Antimony,  than  was 
neceflary  before  the  Gold  was  mixed  with  the  résu¬ 
mé  part  of  the  Antimony  ;  becatife  this  metallic 
lu  bitan  ce,  being  much  more  fiifibie  than  Gold,  pro- 
1for5?  ^s  melting.  The  Antimony  is  mixed  with 
t  .e  Go  u  y  îepeated  projections,  that  the  feparation 
of  the  metals  may  be  accomplifhed  with  the  Greater 
^ T/S  accuracy.  Yet  the  operation  might  be  fuc- 
cefsfully  performed,  by  putting  in  all  the  Antimony 
at  once,  and  with  one  melting  only. 

1  he  metalline  mafs  found  at  the  bottom  of  the 
eone  after  all  thefe  operations,  is  a  mixture  of  Gold 
wtn  the  reguline  part  of  the  Antimony.  Ail  the  reft 
or  the  procel's  conflits  only  in  feparating  this  reguline 
part  from  the  Gold.  As  Gold  is  the  molt  fixed  of 
all  metals,  and  as  the  Regulus  of  Antimony  cannot 
oeai  the  violence  of  fire  without  flying  off  in  va¬ 
pours,  nothing  more  is  neceflary  for  this  purpofe 
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but  to  expofe  the  compound,  as  diredted  in  the  pro- 
cefs,  to  a  heat  ftrong  enough,  and  long  enough 
continued,  to  diffipatb  all  the  Regulus  of  Antimo¬ 
ny.  This  femi-metal  exhales  in  the  form  of  a  very 
thick  white  fmoke.  It  is  proper  to  blow  gently  into 
the  crucible  during  the  whole  operation  ;  becaufe  the 
immediate  contact  of  the  frefh  air  incefifantly  thrown 
in  promotes  and  confiderably  encreafes  the  evapora¬ 
tion  :  and  this  is  a  general  rule  applicable  to  all  eva¬ 
porations. 

The  fire  mud:  be  gradually  raifed  as  the  Regulus 
of  Antimony  is  diffipated,  and  the  operation  draws 
toward  an  end  ;  becaufe  the  mixed  mafs  of  Regu¬ 
lus  of  Antimony  and  Gold  becomes  fo  much  the 
lefsfufible  as  the  proportion  of  the  Regulus  is  leffened. 
Though  the  Regulus  of  Antimony  be  feparated 
from  the  Gold  in  this  operation,  becaufe  the  latter 
is  of  fuch  a  fixed  nature  that  it  cannot  be  volatilized 
by  the  degree  of  fire  which  diffipates  the  Regulus  ; 
yet,  as  the  Regulus  is  very  volatile,  it  will  undoubt¬ 
edly  carry  up  fome  of  the  Gold  along  with  it,  ef~ 
pecially  if  you  hurry  on  the  evaporation  too  faff, 
by  applying  too  great  a  degree  of  fire,  by  blowing 
too  brifkly  into  the  crucible,  and  foil  more  if  you 
evaporate  your  mixture  in  a  broad  fiat  vefiel  in  head 
of  a  crucible.  -  All  thefe  things  muff  therefore  be 
avoided,  if  you  would  lofe  no  more  Gold  than  you 
needs  mu  ft. 

However,  unlefs  the  evaporation  be  carried  to 
the  utmoft,  by  the  means  above  pointed  out,  a  fmall 
portion  of  the  Regulus  of  Antimony  will  always 
remain  combined  with  the  Gold,  which  defends  it 
from  the  adtion  of  the  fire.  This  fmall  portion  of  Re¬ 
gulus  hinders  the  Gold  from  being  perfectly  pure  and 
dudlile.  In  order  therefore  to  confume  and  fcorify 
it  we  caft  Nitre  into  the  crucible  when  we  perceive  it 
to  emit  no  more  white  vapours. 

We. 
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^  e  know  that  Nitre  has  the  property  of  redu¬ 
cing  all  metallic  fubftances  to  a  calx.  Gold  and  Sil¬ 
ver  excepted  ;  becaufe  it  deflagrates  with  the  phlo- 
gifton  to  which  their  metalline  form  is  owing  :  but 
as  this  accenfion  of  the  Nitre  occafions  a  tumid  effèr- 
vefcence,  care  mull  be  taken  to  throw  it  in  but  by 
little  and  little  at  a  time  ;  for  if  too  much  be  pro¬ 
jected  at  once  the  melted  matter  will  run  over. 

This  operation  might  be  confiderably  abridged 
by  taking  advantage  of  the  property  which  Nitre 
poffeffes  of  thus  confuming  the  phlogifton  of  metal¬ 
lic  fubftances  ;  as  by  means  thereof  we  might  deftroy 
aji  the  Regulus  of  Antimony  incorporated  with  the 
Gold,  without  having  recourfe  to  a  long  and  tedious 
evaporation.  But  then  we  lhould  at  the  fame  time 
lofe  a  much  greater  quantity  of  Gold,  by  reafon  of 
the  tumult  and  ebullition  which  are  infeparable  from 
the  detonation  oi  Nitre.  On  the  whole  therefore, 
if  Nitre  be  made  ufe  of  to  purify  Gold,  great  care 

muft  be  taken  to  apply  but  very  little  of  it  at  a 
time. 

All  the  Silver  that  was  mixed  with  the  Gold,  and 
indeed  a  little  of  the  Gold  itfelf,  remains  confound¬ 
ed  with  the  fulphureous  fcoria,  which  floats  upon 
the  Golden  Regulus  aft  et  the  addition  of  the  Anti¬ 
mony  :  we  fhall  fhew  in  the  Chapter  on  Silver  how 
thefe  two  metals  are  to  be  feparated  from  the  Sul¬ 
phur. 
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CHAP.  II. 

Of  Silver. 


PROCESS  I. 

To  feparate  Silver  from  its  Ore ,  by  means  of  Scori¬ 
fication  with  Lead. 

BEAT  to  powder  in  an  iron  mortar  the  ore  from 
which  you  mean  to  feparate  the  Silver,  having 
firft  roafted  it  well  in  order  to  free  it  from  all  the 
Sulphur  and  Arfenic  that  it  may  contain.  Weigh 
it  exactly  :  then  weigh  out  by  itfelf  eight  timers 
much  granulated  Lead.  Put  one  half  of  this  Lead 
into  a  teft,  and  fpread  it  equally  thereon  :  upon  this 
Lead  lay  your  ore,  and  cover  it  quite  over  with  the 
remaining  half  of  the  Lead. 

Place  the  teft  thus  loaded  under  the  further  end 
of  the  muffle  in  a  cupelling  furnace.  Light  your 
fire,  and  increafe  it  by  degrees.  If  you  look  through 
one  of  the  apertures  in  the  door  of  the  furnace  you 
will  perceive  the  ore,  covered  with  calcined  Lead, 
fwim  upon  the  melted  Lead.  Prefently  afterwards 
it  will  grow  foft,  melt,  and  be  thrown  towards  the 
fides  of  the  veftel,  the  furface  of  the  Lead  appear¬ 
ing  in  the  midft  thereof  bright  and  fhining  like  a 
luminous  difc  :  the  Lead  will  then  begin  to  boil, 
and  emit  fumes.  As  foon  as  this  happens  the  fire 
muft  be  a  little  checked,  fo  that  the  ebullition  of 
the  Lead  may  almoft  entirely  ceafe  for  about  a  quar¬ 
ter  of  an  hour.  After  this  it  muft  be  excited  to  the 
degree  it  was  at  before,  fo  that  the  Lead  may  begin 
again  to  boil  and  fmoke.  Its  fhining  furface  will 
gradually  lefflen,  and  be  covered  with  fcoriæ.  Stir 
th^  whole  with  an  iron  hook,  and  draw  in  towards 
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the  middle  what  you  obferve  towards  the  fides  of  the 
veffel  ;  to  the  end  that,  if  any  part  of  the  ore  fhould 
ftill  remain  undiffolved  by  the  Lead,  ic  may  be  mix- 
ed  therewith. 

When  you  perceive  that  the  matter  is  in  perfect 
fufton,  that  the  greateft  part  of  what  flicks  to  the 
iron  hook,  when  you  dip  it  in  the  melted  matter, 
feparates  from  it  again,  and  drops  back  into  the  vef- 
fel  ;  and  that  the  extremity  of  this  infiniment  when 
grown  cold,  appears  varnifhed  over  with  a  thin, 
ftnooth,  Ih ini ng  cruft,  you  may  look  on  thefe  as  marks 
that  the  bufinefs  is  done,  and  the  more  uniform 
and  evenly  the  colour  of  the  cruft  is,  the  more  per» 
fed  may  you  judge  the  fcorification  to  be. 

Matters  being  brought  to  this  pafs,  take  the  teft 
with  a  pair  of  tongs  from  under  the  muffle,  and  pour 
its  whole  contents  into  an  iron  cone,  firfl  heated 
and  giealea  with  tallow.  T  his  whole  operation  lafls 
about  three  quarters  of  an  hour.  When  ail  is  cold, 
the  blow  of  a  hammer  will  part  the  Regulus  from 
the  fcoria  ;  and  as  it  is  not  poftible,  how  perfed  fo- 
ever  the  fcorification  be,  to  avoid  leaving  a  little 
Lead  containing  Silver  in  the  fcoria,  it  is  proper  to 
pu fveihe  this  Icoiia,  and  feparate  therefrom  whatever 

extends  under  the  hammer,  in  order  to  add  it  to  the 
Regulus. 

OBSERVATIONS. 

Silver,  as  well  as  Gold,  is  often  found  quite  pure, 
and  under  its  metalline  form,  in  the  bowels  of  the 
earth  ;  and  in  that  cafe  it  may  be  feparated  from 
the  ftanes  or  fand,  in  which  it  is  lodged,  by  fimple 
a afhing,  01  by  Amalgamation  with  IVîercurv  in 
the  fame  manner  as  before  directed  for  Gold  Bw 
it  alfo  happens  frequently  that  Silver  is  combined  in 
the  ore  with  other  metallic  fubftances  and  minerals, 
w  *c“  admit  of  this  procefs,  but  force  us  to 

employ  other  methods  of  feparating  it  from  thern. 

Silver 
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Sulphur  and  Arfenic  are  the  fu  bilan  ces  to  which 
Silver  and  the  other  metals  ufually  owe  their  mineral 
ftate.  Thefe  two  matters  are  never  very  clotely 
united  with  Silver  ;  but  may  be  pretty  eafily  fepa- 
rated  from  it  by  the  adion  of  fire,  and  the  addition 
of  Lead.  If  Arfenic  be  predominant  in  a  Silver 
ore,  it  will  unite  with  the  Lead  by  the  help  of  a 
pretty  moderate  heat,  and  quickly  convert  a  confi- 
derable  quantity  thereof  into  a  penetrating  fufible 
glafs,  which  has  the  property  of  fcorifying  with  cals 
all  fubftances  that  are  capable  of  icorification,  - 

When  Sulphur  predominates,  the  fcorification  pro¬ 
ceeds  more  flowly,  and  doth  not  always  (iicceed  ; 
becaufe  that  mineral  combined  with  Lead  lefiens  its 
fufibility,  and  retards  its  vitrification.  In  this  cafe 
part  of  the  Sulphur  mu  ft  be  dilfipated  by  roafting  : 
the  other  part  unites  with  the  Lead  ;  and  that,  be¬ 
ing  rendered  lighter  by  this  union,  floats  on  the  reft 
of  the  mixture,  which  chiefly  contains  the  Silver. 
At  lad  the  joint  action  of  the  air  and  of  the  fire, 
difilpates  the  portion  of  Sulphur  that  had  united  with 
the  Lead  :  the  Lead  vitrifies  and  reduces  to  a  fco- 
ria  whatever  is  not  either  Silver  or  Gold  :  and  thus 
the  Silver  being  difentangled  from  the  heterogeneous 
matters  with  which  it  was  united,  one  part  thereof 
being  dilfipated  and  the  other  vitrified,  combines 
with  the  portion  of  Lead  which  is  not  vitrified,  and 
falls  through  the  fcoria,  which  to  fiivour  its  defcent 
mult  be  in  perfect  fufion. 

The  whole  procefs  therefore  conflits  of  three  dif- 
tindt  operations.  The  firlt  is  Roafting,  which  dilfi- 
pates  fomeof  the  volatile  iubftancesfound  united  with 
the  Silver:  the  fécond  is  Scorification,  or  the  Vitri¬ 
fication  of  the  fixed  matters  alfo  united  with  the  Sil¬ 
ver,  fuch  as  land,  ftones,  metals,  &c.  ‘and  the  third 
is  Precipitation,  or  the  reparation  of  the  Silver  from 
the  fcoria.  The  two  firlt  are,  as  hath  been  fhewn* 
preparatives  for  the  lait,  and  indeed  produce  it. 
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As  every  thing  we  faid  concerning  Gold,  when 
we  treated  of  the  procefs  of  Amalgamation,  is  to  be 
applied  to  Silver,  which  may  be  extradited  by  the 
fame  method  when  it  is  in  its  metalline  form  ;  in  the 
fame  manner  all  we  now  advance  touching  the  me¬ 
thod  of  extrading  Silver  by  Scorification,  when  it  is 
depraved  with  a  mixture  of  heterogeneous  matters, 
is  equally  applicable  to  Gold  in  the  fame  circum- 
ftances  :  and  indeed  Silver  almoft  always  contains 
more  or  lefs  Gold  naturally. 

In  the  procefs  we  direded  that  the  ore  fhould  be 
pulverized  before  it  be  expofed  to  the  fire,  with  a 
view  to  enlarge  its  furface,  and  by  that  means  faci¬ 
litate  the  adion  of  the  Lead  upon  it,  as  well  as  the 
evaporation  of  its  volatile  parts. 

We  recommended  the  precaution  of  flackening  the 
fire  a  little  at  the  beginning  of  the  operation,  'only 
to  prevent  the  Lead  from  being  too  haftily  convert¬ 
ed  into  litharge,  left  it  fhould  penetrate  and  corrode 
the  teft  before  it  had  wholly  diflblved  the  ore  :  but 
if  we  were  perfectly  certain  of  the  veffel’s  being  fo 
good  as  to  be  in  no  danger  of  penetration  by°the 
Lead,  this  precaution  would  be  needlefs. 

It  is  proper  to  add  eight  parts  of  Lead  for  one  of 
ore  ;  though  fo  much  is  notalway  s  abfolutely  neceffary, 
efpecially  when  the  ore  is  very  fufible.  The  fuccefs 
of  this  operation  depends  chiefly  on  the  completenefs 
of  the  Scorification  ;  and  therefore  the  addition  of 
more  Lead  than  enough  is  attended  with  no  incon¬ 
venience  :  for,  as  it  always  promotes  the  fcorification, 
k  can  never  do  any  harm. 

If  the  ore  be  mixed  with  fuch  earthy  and  ftony 
parts  as  cannot  be  feparatcd  from  it  by  wafhino-,  it 
is  the  more  difficult  of  fufion,  even  though  the  ftones 
fhould  be  fuch  as  are  moft  difpofed  to  vitrify  ;  be¬ 
came  the  moft  fufible  earths  and  ftones  are  always 
lefs  fo  than  moft  metallic  fubftances.  In  that  cafe 
it  will  be  neceffary,  for  effedting  the  Scorification, 

to 
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to  mix  thoroughly  with  the  pulverized  ore  an  equal 
quantity  of  Glafs  of  Lead,  to  add  twelve  times  as 
much  granulated  Lead,  and  then  to  proceed  as  di¬ 
rected  for  a  fufible  ore  ;  expofing  the  mixture  to  a 
degree  of  fire  ftrong  enough,  and  long  enough  kept 
up,  to  give  the  icoria  all  the  properties  above  re¬ 
quired  as  figns  of  a  perfeCt  fcorification. 

Silver  ore  is  fometimes  mixed  with  pyrites,  and 
the  ore  of  Arfenic,  or  cobalt,  which  alfo  make  it 
refraCtory.  As  the  pyrites  contain  a  large  quantity 
of  Sulphur,  which  is  very  volatile  as  well  as  Arfenic  ; 
in  this  cafe  it  is  proper  to  begin  with  freeing  the  ore 
from  thefe  two  extraneous  fubftances.  This  is  eafily 
done  by  roafting  :  only  be  fure,  when  you  firft  expofe 
the  ore  to  the  heat,  to  cover  the  vefTel  in  which  you 
roaft  it,  for  fome  minutes,  with  an  inverted  vefiel 
of  the  fame  width  ;  becaufe  fuch  forts  of  ore  are  very 
apt  to  fly  when  they  hr  ft  feel  the  heat. 

After  this  uncover  it,  and  leave  it  expofed  to  the 
fire  till  no  more  fulphureous  or  arfenical  matters  rile. 
Then  mix  it  with  the  fame  quantity  of  Glafs  of  Lead 
as  we  ordered  for  ores  rendered  refractory  by  the  ad¬ 
mixture  of  earths  or  ftones,  and  proceed  in  the  fame 
manner. 

It  is  the  more  neceflary  to  roaft  Silver  ore  infeCted 
with  Sulphur  and  Arfenic,  becaufe,  as  Sulphur  ob- 
ftruCts  the  fufion  of  Lead,  it  cannot  but  do  hurt,  and 
protraCt  the  operation  ;  and  Arfenic  does  mifchief, 
on  the  other  hand,  by  fcorifying  a  very  g  eat  quantity 
of  Lead  too  haftily. 

When  the  Sulphur  and  Arfenic  are  diffipated  by 
roafting,  the  ore  mu  ft  be  treated  like  that  which  is 
rendered  refraCtory  by  ftony  and  earthy  matters  ; 
for  as  the  pyrites  contain  much  iron,  there  remains, 
after  the  Sulphur  is  evaporated,  a  considerable  quan¬ 
tity  of  martial  earth,  which  is  difficult  to  fcorify. 
The  pyrites,  as  well  as  the  cobalts,  contain  more¬ 
over  an  unmetallic  earth,  which  is  hard  to  fufe. 

4  The 
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The  general  rule  therefore  is,  when  the  ore  is 
rendered  refra&ory  by  any  caufe  whatever,  to  mk 
it  with  Glafs  of  Lead,  and  to  add  a  larger  quantity 
of  granulated  Lead.  Yet  feme  ores  are  fo  refra&ory 
that  Lead  alone  will  not  do  the  btifinefs,  and  re- 
courfe  muft  be  had  to  feme  other  flux.  That  which 
is  fitted  for  the  prefent  purpofe  is  the  Black  Flux> 
compofed  of  one  part  of  Nitre  and  two  parts  of  Tar¬ 
tar  deflagrated  together.  The  Phlogifton  contained 
in  this  quantity  of  Tartar  is  more  than  fuflicient  to 
alkalizate  the  Nitre.  This  Flux  therefore  is  nothing 
more  than  Nitre  alkalizated  by  Tartar,  mixed  with 
fome  of  the  fame  Tartar  that  hath  not  loft  its  Phlo¬ 
gifton,  and  is  only  reduced  to  a  fort  of  coal. 

The  White  Flux  is  alfo  very  fit  to  promote  fufion  ; 
but  on  this  occafion  the  Black  Flux  is  preferable, 
becaufe  the  Phlogifton  of  the  Black  Flux  prevents 
the  Lead  from  being  too  foon  converted  to  litharge, 
and  fo  gives  it  time  to  diffolve  the  metallic  matters. 
The  White  Flux,  which  is  the  refult  of  equal  parts 
of  Tartar  and  Nitre  alkalizated  together,  being  no 
more  than  an  Alkali  deftitute  of  Phlogifton,  or  con¬ 
taining  but  very  little,  doth  not  poffefs  this  advan¬ 
tage. 

If  Silver  fhould  be  combined  in  the  ore  with 
Iron  in  its  metalline  date,  which  however  does  not 
commonly  happen,  then,  in  order  to  feparate  them, 
the  Iron  mud  be  deprived  of  its  Phlogifton,  and  con¬ 
verted  to  a  crocus  before  the  mixed  mafs  be  melted 
with  Lead  -,  which  may  be  done  by  diflolving  it  in 
the  Vitriolic  Acid,  and  then  evaporating  the  Acid. 

We  are  neceflitated  to  make  ufe  of  this  contri¬ 
vance,  becaule  Iron  in  its  metalline  form  cannot  be 
dilfolyed  either  by  Lead  or  by  the  Glafs  of  Lead  ; 
but  when  it  is  reduced  to  a  calx,  litharge  unites  with 
it  and  fcorifies  it. 

If  you  have  not  at  hand  the  utenfils  neceflary  for 
performing  the  operation  we  have  been  deferibing  in 

a  teft? 
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a  tell,  ^  and  under  the  muffle  ;  or  if  you  have  a  mind 
to  work  on  a  greater  quantity  of  ore  at  a  time,  you 
may  make  uiè  of  a  crucible  for  the  purpole,  and 
perform  the  operation  in  a  melting  furnace. 

In  this  cafe  the  ore  muft  be  prepared,  as  above 
diieded,  according  to  its  nature,  and  mixed  with  a 
proper  quantity  of  Lead  and  Glafs  of  Lead  ;  the 
whole  put  into  a  good  crucible,  leaving  two  thirds 
tnereof  empty,  and  covered  with  a  mixture  of  Sea- 
falt  and  a  little  Borax,  both  very  dry,  to  the  thick- 
nefs  of  a  full  half  inch. 

This  being  done,  fet  the  crucible  in  the  midft  of 
a  melting  furnace  ;  raife  the  coals  quite  to  the  lip  of 
the  crucible  ;  light  the  fire  ;  cover  the  furnace  with 
its  dome  ;  but  do  not  urge  the  fire  more  than  is  ne- 
ceffary  to  bring  the  mixture  to  perfect  fufion  :  leave 
it  thus  in  fufion  for  a  good  quarter  of  an  hour;  ftir 
the  whole  with  a  bit  of  flrong  iron  wire  ;  then  let  it 
cool;  break  the  crucible,  and  feparate  the  Regulus 
from  the  fcoria.  * 

Phe  Salts  added  on  this  occafion  are  fluxes,  and 
their  ufe  is  to  procure  a  perfed  fufion  of  the  fcoria. 

If  the  melted  matters  be  left  expofed  to  the 
fire,  either  in  a  teft,  or  in  a  crucible,  longer  than 
is  above  prefcribed,  the  portion  of  Lead  that  hath 
united  and  precipitated  with  the  Silver  will  at  laft 
vitrify,  and  at  the  lame  time  fcorifyall  the  alloy  with 
which  that  metal  may  be  mixed.  But  as  there  are  no 
vefièls  that  can  long  endure  the  adion  of  litharge, 
without  being  pierced  like  a  fieve,  fome  of  the  Silver 
may  efcape  through  the  holes  or  fiflures  of  the  vef- 
fel,  and  fo  be  loft.  It  is  better  therefore  to  com¬ 
plete  the  purification  of  your  Silver  by  the  operation 
of  the  Cupel,  the  defcription  of  which  follows. 
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PROCESS  II. 

The  refining  ofi  Silver  by  the  Cupel . 

TAK  E  a  cupel  capable  of  containing  one  third 
more  matter  than  you  have  to  put  into  it  :  fet 
it  under  the  muffle  of  a  furnace  like  that  defcribed  in 
our  Theoretical  Elements,  as  peculiarly  appropriat¬ 
ed  to  this  fort  of  operation.  Fill  the  furnace  with 
charcoal  ;  light  it  ;  make  the  cupel  red-hot,  and 
keep  it  fo  till  all  its  moifture  be  evaporated  ;  that  is, 
for  about  a  good  quarter  of  an  hour,  if  the  cupel  be 
made  wholly  of  the  afhes  of  burnt  bones  ;  and  for  a 
whole  hour,  if  there  be  any  waffled  wood-affl  in  its 
compofition. 

Reduce  the  Regulus  which  remained  after  the  pre¬ 
ceding  operation  to  little  thin  plates,  flatting  them 
with  a  fmall  hammer,  and  feparating  them  carefully 
from  all  the  adherent  fcoria.  Wrap  thefe  in  a  bit  of 
paper,  and  with  a  fmall  pair  of  tongs  put  them  gent¬ 
ly  into  the  cupel.  When  the  paper  is  confumed  the 
Regulus  will  foon  melt,  and  the  fcoria,  which  will 
be  gradually  produced  by  the  Lead  as  it  turns  to  li¬ 
tharge,  will  be  driven  to  the  fldes  of  the  cupel,  and 
immediately  abforbed  thereby.  At  the  fame  time 
the  cupel  will  affume  a  yellow,  brown,  or  blackiffl 
colour,  according  to  the  quantity  and  nature  of  the 
fcoria  imbibed  by  it. 

When  you  fee  the  matter  in  the  cupel  in  a  vio¬ 
lent  ebullition,  and  emitting  much  fmoke,  lower 
the  fire  by  the  methods  formerly  prefcribed.  Keep 
up  fuch  a  degree  of  heat  only  that  the  fmoke  which 
afcends  from  the  matter  may  not  rife  very  high,  and 
that  you  may  be  able  to  diftinguifli  the  colour  which 
the  cupel  acquires  from  the  fcoria. 

Increafe  the  fire  by  degrees,  as  more  and  more 
litharge  is  formed  and  abforbed.  If  the  Regu¬ 
lus 
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Jus  examined  by  this  affay  contain  no  Silver, 
you  will  fee  it  turn  wholly  into  fcoria,  and  at 
laft  difappear.  When  it  contains  Silver,  and  the 
quantity  of  Lead  is  much  diminiffled,  you  will  per¬ 
ceive  little  vivid  irifes,  or  beautiful  rain -bow  colours, 
fhooting  fwiftly  along  its  furface,  and  croffing  each 
other  in  many  different  directions.  At  laft,°when 
all  the  Lead  is  deitroyed,  the  thin  dark  fkin,  that  is 
continually  protruded  by  the  Lead  while  it  is  turn¬ 
ing  into  litharge,  and  which  hitherto  covered  the 
Silver,  fuddenly  difappears  ;  and,  if  at  this  moment 
the  fire  happen  not  to  be  ftrong  enough  to  keep  the 
Silver  in  fufion,  the  furface  of  that  metal  will  at 
once  dart  out  a  dazling  fplendour  :  but,  if  the  fire  be 
ftrong  enough  to  keep  the  Silver  in  fufion,  though 
freed  from  all  mixture  of  Lead,  this  change  of  co¬ 
lour,  which  is  called  its  fulguration ,  will  not  be  fo 
perceptible,  and  the  Silver  will  appear  like  a  bead 
of  fire. 

Thefe  phenomena  fhew  that  the  operation  is  fi- 
nifhed.  But  the  cupel  muft  ftill  be  left  a  minute  or 
two  under  the  muffle,  and  then  drawn  flowly  out 
with  the  iron  hook,  towards  the  door  of  the  furnace. 
When  the  Silver  is  fo  cooled  as  to  be  but  moderately 
red,  you  may  take  the  cupel  from  under  the  muffle 
with  your  little  tongs,  and  in  the  middie  of  its  cavity 
you  will  find  an  exceeding  white  bead  of  Silver,  the 
lower  part  whereof  will  be  unequal,  and  full  of  little 
pits. 

OBSERVATIONS. 

The  Regulus  obtained  by  the  former  procefs  com 
fifts  altogether  of  the  Silver  contained  in  the  ore, 
alloyed  with  the  other  metals  that  happened  to  be 
mixed  therewith  in  its  mineral  ftate,  and  a  good 
deal  of  the  Lead  that  was  added  to  precipitate  the 
Silver.  The  operation  of  the  cupel  may  be  confi- 
dered  as  the  fequel  of  that  procefs,  being  intended 
only  to  reduce  into  a  fcoria  whatever  is  not  Gold  or 
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Silver.  Lead  being;  of  all  metals  that  which  vitrifies 
the  moft  eafily,  which  moft  promotes  the  vitrifica- 
tion  of  the  reft,  and  the  only  one  which,  when  vi¬ 
trified,  penetrates  the  cupel,  and  carries  along  with 
it  the  other  metals  which  it  hath  vitrified,  is  confe- 
quently  the  fitted:  for  that  purpofe.  We  fhall  fee 
in  its  place  that  Bifmuth  hath  the  fame  properties 
with  Lead,  and  may  be  fubftituted  for  it  in  this  ope¬ 
ration. 

Care  mu  ft  be  taken  to  choofe  a  cupel  of  a  proper 
capacity.  Indeed  it  fhould  rather  be  too  big  than 
too  little:  becaufe  the  operation  is  no  way  prejudiced 
by  an  excefs  in  its  fize  ;  whereas  if  it  be  too  fimall  it 
will  be  over-dofed  with  Lead,  and  at  laft  the  li¬ 
tharge,  which  deftroys  every  thing,  will  corrode  its 
cavity,  and  eat  holes  through  the  very  body  of  the 
veftèl.  Add  that  the  afhes,  of  which  the  cupel  is 
made,  being  once  glutted  with  litharge,  abforb  it  af¬ 
terwards  but  flowly,  and  that  the  quantity  of  this 
vitrified  litharge,  becoming  too  great  to  be  contained 
in  the  fu  bilan  ce  of  the  vefifel,  exfudes  through  it, 
and  drops  on  the  floor  of  the  muffle,  which  it  cor¬ 
rodes  and  renders  unequal  ;  and  moreover  folders 
to  it  the  veftèls  fet  thereon.  It  may  be  laid  down 
as  a  general  rule  for  determining  the  fize  of  a  cupel, 
that  it  weigh  at  leaft  half  as  much  as  the  metallic 
mafs  to  be  refined  in  it. 

It  is  alfo  of  the  utmoft  confequence  that  the  cupel 
be  well  dried  before  the  metal  be  put  into  it.  In 
order  to  make  fure  of  this  point  it  muft  be  kept 
red-hot  for  a  certain  time,  as  is  above  diredled  :  for 
though  to  the  fight  and  to  the  touch  they  appear  very 
dry,  they  neverthelefs  obftinately  retain  a  fmall  mat¬ 
ter  of  moifture,  fufficient  to  occafion  the  lofs  of  fome 
of  the  metal  ;  which,  when  it  comes  to  melt,  will  be 
thereby  fpirted  up,  in  the  form  of  little  globules,  to 
the  very  roof  of  the  muffle.  The  cupels,  that  ftand 
moft  in  need  of  an  intenfe  heat  to  dry  them,  are  thole 

chiefly 
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chiefly  in  whofe  compofltion  wood-alhes  are  employ¬ 
ed  :  for  whatever  care  be  taken  to  lixiviate  thofe 
afhes  before  they  are  ufed,  they  will  ftill  retain  a  lit¬ 
tle  alkaline  fait  ;  and  that,  we  know,  is  very  greedy 
of  moifture,  w;ll  not  part  entirely  with  it  but  by  the 
means  of  a  violent  calcination,  and  prefently  redm- 
bibes  it  when  expofed  to  the  air. 

A  little  Phlogifton  alfo  may  fbill  be  left  in  the  afhes 
of  which  the  cupels  are  made  ;  and  that  is  another 
reafon  for  calcining  them  before  they  are  ufed.  By 
this  means  the  remaining  Phlogifton  is  diftipated, 
which  might  otherwiie  combine  with  the  litharge 
during  the  operation,  reduce  it,  and  occafion  fuch  a 
ferment  in  the  matter  as  to  make  fome  of  it  run 
over  :  to  thefe  inconveniencies,  which  anv  remain- 
der  of  moifture  or  Phlogifton  may  produce,  we  muft 
add  the  cracks  and  flaws  which  are  very  incident  to 
cupels  not  perfectly  freed  from  both  thole  matters. 

It  is  of  no  lefs  importance  to  the  fuccefs  of  this 
operation,  that  a  due  degree  of  heat  be  kept  up.  In 
the  procefs  we  have  defcribed  the  marks  which  fhew 
the  heat  to  be  neither  too  ftrong  nor  too  weak  :  when 
it  exceeds  in  either  of  thefe  refpecfts  may  be  known 
by  the  following  figns. 

If  the  fume  emitted  by  the  Lead  rife  like  a  fpout 
to  the  roof  of  the  muffle  j  if  the  furface  of  the  melt¬ 
ed  metal  be  extremely  convex,  confldering  the  quan¬ 
tity  of  the  mafs  ;  if  the  cupel  appear  of  fuch  a  white 
heat  that  the  colour  communicated  thereto  by  the 
imbibed  fcoria  cannot  be  diftinguifhed  :  all  thefe  fhew 
that  the  heat  is  too  great,  and  that  it  ought  to  be 
diminifhed.  If  on'the  contrary  the  vapours  only  ho¬ 
ver,  as  it  were,  over  the  furface  of  the  metal  ;  if  the 
melted  mafs  be  very  flat,  confldering  its  quantity  ; 
if  its  ebullition  appear  but  faint  ;  if  the  fcoria ,  that 
appear  like  little  fiery  drops  of  rain,  have  but  a  lan¬ 
guid  motion  ;  if  the  fcoria  gather  in  heaps,  and  do 
not  penetrate  the  cupel  j  if  the  metal  be  covered  with 
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it  as  with  a  glaffy  coat  ;  and  laftly,  if  the  cupel 
look  dull  -,  thefe  are  proofs  that  the  heat  is  too  weak 
and  ought  to  be  encreafed. 

The  defign  of  this  operation  being  to  convert  the 
Lead  into  litharge,  and  to  give  it  fufficient  time  and 
opportunity  to  fcorify  and  carry  off  with  it  whatever 
is  not  Gold  or  Silver;  the  fire  muff  be  kept  up  to 
fuch  a  degree  that  the  Lead  may  eafily  be  turned  in¬ 
to  litharge,  and  yet  that  litharge  not  be  abforbed  too 
haftily  by  the  cupel,  but  that  a  fmall  quantity  there¬ 
of  may  all  along  remain  like  a  ring  round  the  melt¬ 
ed  metal. 

The  fire  is  to  be  gradually  increafed  as  the  opera¬ 
tion  draws  nearer  to  its  end  :  for,  as  the  proportion 
of  the  Lead  to  the  Silver  is  continually  leflening,  the 
metallic  mafs  gradually  becomes  lefs  fufible  ;  while 
the  Silver  defends  the  Lead  mixed  with  it  from  the 
addon  of  the  lire,  and  prevents  its  being  eafily  con¬ 
verted  into  litharge. 

When  the  operation  is  finifhèd,  the  cupel  muff 
hill  be  left  under  the  muffle  till  it  has  imbibed  all 
the  litharge,  to  the  end  that  the  bead  of  Silver  may 
be  eafily  taken  out  :  for,  without  this  precaution,  it 
would  flick  fo  faff  as  not  to  be  removed,  but  by 
breaking  off  part  of  the  cupel  along  with  it.  Care 
mud:  alfo  be  taken  to  let  this  bead  of  Silver  cool  gra¬ 
dually,  and  be  perfectly  fixed  before  you  draw  it 
from  under  the  muffle  :  for  if  you  expofe  it  at  once 
w  the  cold  air,  before  it  be  fixed,  it  will  fwell, 
fhoot  into  fprigs,  and  even  dart  out  feveral  little 
grains  to  a  confiderable  diftance,  which  will  be  loft. 

If  the  bead  appear  to  have  a  yellowifh  tinge,  5tis  a 
fign  that  it  contains  a  great  deal  of  Gold,  which  muft 

be  feparated  from  it  by  the  methods  to  be  hereafter 
fhewn. 

It  is  proper  to  obferve  that  there  is  fcarce  any 
Lead  that  does  not  contain  fome  Silver  ;  too  little 
perhaps  to  defray  the  charges  neceffary  to  feparate  it, 

yet 
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yet  confiderable  enough  to  lead  ns  into  an  error,  by 
mixing  with  the  Silver  obtained  from  an  ore,  and 
increasing  its  weight.  And  therefore,  when  the  ope¬ 
rations  above  defcribed  are  applied  to  the  allaying  of 
an  ore,  in  order  to  know  how  much  Silver  it  yields, 
it  is  previoufly  necelfary  to  examine  the  Lead  to  be 
ufed,  and  to  afcertain  the  quantity  of  Silver  it  con¬ 
tains,  which  mull  be  deduced  from  the  total  weight 
of  the  bead  of  Silver  obtained  by  purifying  it  in  this 
manner. 

Silver  may  be  feparated  from  its  ore,  and  at  the 
fame  time  refined,  by  the  fingle  operation  of  the  cu¬ 
pel,  without  any  previous  fcorification  with  Lead, 
in  order  to  do  this,  you  mull  pound  the  ore  ;  roafl 
it,  to  difiipate  all  its  volatile  parts  ;  mix  it  with  an 
equal  quantity  of  litharge,  if  it  be  refractory  ;  divide 
it  into  five  or  fix  parcels,  wrapping  each  in  a  bit  of 
paper  ;  weigh  out  eight  parts  of  granulated  Lead  for 
one  of  ore,  if  it  be  fufible,  and  from  twelve  to  fix- 
teen,  if  it  be  refraCtory  ;  put  one  half  of  the  Lead  into 
a  very  large  cupel  under  the  muffle  ;  add  thereto  one 
of  the  little  parcels  of  ore,  when  the  Lead  begins  to 
fmoke  and  boil  -,  immediately  fiacken  the  fire  a  lit¬ 
tle  ;  continue  the  fame  degree  of  heat  till  you  perceive 
that  the  litharge  formed  round  the  metal,  and  on  its 
furface,  begins  to  look  bright  ;  then  raife  the  fire  ; 
add  a  frelh  parcel  of  ore  -,  continue  proceeding  in  the 
fame  manner  till  you  have  put  in  all  the  ore  -,  then 
add  the  remaining  half  of  the  granulated  Lead,  and 
conduct  the  fucceeding  part  of  the  operation  in  the 
fame  manner  as  that  of  cupelling. 

In  this  operation  it  is  necelfary  that  the  fire  be  not 
too  ftrongly  urged,  and  that  it  be  diminifhed  every 
time  you  add  a  frelh  parcel  of  ore  ^  that  fo  the  Lead 
and  the  litharge  may  have  time  to  difiolve,  fcorify* 
and  carry  off  into  the  pores  of  the  cupel,  all  the  ad¬ 
ventitious  matters  with  which  your  Silver  may  be 
mixed.  Notwithftanding  this  precaution,  when  the 
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ore  is  refradtory,  there  often  gathers  in  the  cupel  a 
great  quantity  of  fcoria,  together  alfo  with  fome  of 
the  ore  that  could  not  be  diffolved  and  fcorified. 
It  is  with  a  view  to  remedy  this  inconvenience  that 
the  fécond  moiety  of  the  Lead  is  added  towards  the 
end,  which  completes  the  diflolution  and  fcorifica- 
tion  of  the  whole  ;  fo  that  by  means  thereof  no  fco- 
ria,  or  very  little,  is  left  in  the  cupel  at  the  end  of 
the  operation. 

The  operation  of  the  cupel  is  chiefly  ufed  to  pu  - 
rify  Silver  from  the  alloy  of  Copper  ;  becaufe  this 
being  more  fixed  and  harder  to  calcine  than 
other  metallic  fubftances,  is  the  only  one  that  re¬ 
mains  united  with  Silver  and  Lead,  after  roafhng  and 
fcorification  with  Lead.  It  requires  no  lefs  than  fix- 
teen  parts  of  Lead  to  deftroy  it  in  the  cupel,  and  fe- 
paiate  it  fiom  Silver.  It  melts  into  one  mafs  with, 
the  Lead  ;  and  the  glafs  produced  by  thefe  two  me¬ 
tals,  deprived  of  their  phlogifton,  inclines  to  a 
brown  oi  ablack  colour  ;  by  which  appearance  chiefly 
we  know  that  our  Silver  was  alloyed  with  Copper/ 


PROCESS  III. 


"To  purify  Silver  by  Nitre . 

| f*  f.  LAIE  the  Silver  you  intend  to  pu- 

VJ  nfy,  or  reduce  it  to  thin  plates  ;  put  it  into 
a  good  crucible  ;  add  thereto  a  fourth  part  in  weight 
of  very  dry  pulverized  Nitre,  mixed  with  halfîhe 
weight  of  the  Nitre  of  calcined  Wine-lees,  and 
about  a  fix*  part  of  the  fame  weight  of  common 
g.als  m  powder  Cover  this  crucible  with  another 
crucible  inverted;  which  muft  be  of  fuch  a  fize  that 
its  mouth  may  enter  a  little  way  into  that  of  the 
lower  one,  and  have  its  bottom  pierced  -with  a  hole 
ot  about  tvvo  lines  in  diameter.  Lute  the  two  cru- 
cibles  together  with  clay  and  Windfor-loam.  When 

the 
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the  lute  is  dry,  place  the  crucibles  in  a  melting  fur¬ 
nace.  Fill  the  furnace  with  charcoal,  taking  care 
however  that  they  do  not  rife  above  the  upper 
crucible. 

Kindle  the  fire,  and  make  your  veffels  of  a  mid¬ 
dling  red  heat.  When  they  are  fo,  take  up  with 
the  tongs  a  live  coal,  and  hold  it  over  the  hole 
of  the  upper  crucible.  If  you  immediately  perceive 
a  vivid  fplendour  round  the  coal,  and  at  the  fame 
time  hear  a  gentle  hiding  noife,  it  is  a  fign  that  the 
fire  is  of  a  proper  ftrength  ;  and  it  muft  be  kept  up 
at  the  fame  degree  till  this  phenomenon  ceafe. 

Then  increafe  the  fire  to  the  degree  requifite  to  keep 
pure  Silver  in  fufion  -,  and  immediately  take  your  vef¬ 
fels  out  of  the  furnace.  You  will  find  the  Silver  at 
the  bottom  of  the  lower  crucible,  covered  with  a 
mafs  of  alkaline  fcoria  of  a  greenifh  colour.  If 
the  metal  be  not  rendered  perfectly  pure  and  dudtile 
by  this  operation,  it  muff  be  repeated  a  fécond  time. 

OBSERVATIONS. 

The  purification  of  Silver  by  Nitre,  as  well  as 
the  procefs  for  refining  it  on  the  cupel,  is  founded 
on  the  property  which  this  metal  pofTeffes  of  refilling 
the  force  of  the  ftrongeft  fire,  and  the  power  of  the 
mod  adtive  folvents,  without  lofing  its  phlogiflon. 
The  difference  between  thefe  two  operations  confifis 
wholly  in  the  fubftances  made  ufe  of  to  procure  the 
fcorification  of  the  imperfedt  metals,  or  femi- metals, 
that  may  be  combined  with  the  Silver.  In  the  for¬ 
mer  this  was  obtained  by  Lead,  and  here  it  is  effedted 
by  Nitre.  This  Salt,  as  we  have  fhewn,  hath  the  pro¬ 
perty  of  calcining  and  quickly  deflroying  all  me¬ 
tallic  fubftances,  by  confuming  their  phlogiflon,  ex¬ 
cept  the  perfedl  metals,  Gold  and  Silver,  which  alone 
are  able  to  refill  its  force.  This  method  may 
therefore  be  employed  to  purify  Gold  as  well  as  Sil¬ 
ver,  or  indeed  both  the  two  mixed  together. 


In 
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In  this  operation  the  Nitre  is  gradually  alkali- 
zated  as  its  Acid  is  confirmed  with  the  phlogifton  of 
the  metallic  fubftances.  I  he  Alkaline  Salt  and 
pounded  glafs  are  added  with  a  view  to  promote  the 
tufion  of  the  metalline  calxes  as  fall:  as  they  are 
formed,  and  to  fix  and  retain  the  Nitre,  which,  as 
we  fhall  prefently  fee,  is  apt  to  fly  off  in  a  certain 
degree  of  heat. 

The  precaution  of  covering  the  crucible  with  ano¬ 
ther  crucible  inverted,  which  hath  only  a  fmall  hole 
in  its  bottom,  is  defigned  to  prevent  any  of  the  Silver 
from  being  loft  in  the  operation  :  for  when  the  Ni¬ 
tre  comes  to  be  adled  on  by  a  certain  degree  of  hear, 
and  efpecially  when  it  deflagrates  with  any  inflam¬ 
mable  matter,  part  of  it  flies  off,  and  fo  rapid¬ 
ly  too^  as  to  be  capable  of  carrying  off  with  it  a 
good  deal  of  the  Silver.  The  little  hole  left  in  the 
covering  crucible  is  neceffary  for  giving  vent  to  the 
vapours  which  rife  during  the  deflagration  of  the 
Nitre,  as  they  would  otherwife  open  themfelves  a  paf- 
lage  by  burfting  the  veftels.  After  the  operation 
this  vent-hole  is  found  befet  with  many  little  parti¬ 
cles  of  Silver,  which  would  have  been  loft  if  the 
crucible  had  not  been  covered. 

If  you  fhould  obferve,  during  the  detonation  of 
the  Nitre,  that  a  great  many  vapours  ifiue  through 
the  vent-hole  with  a  confiderable  hiding  noife,  even 
without  applying  the  coal,  you  muft  take  it  for  a 
fign  that  the  fire  is  too  brifk,  and  accordingly  check 
it  ;  elfe  a  great  deal  of  the  Nitre  will  be  didipated, 
and  with  it  much  Silver. 

You  muft  obferve  to  take  the  Silver  out  of  the 
fire  as  foon  as  it  is  in  fudon  :  for  if  you  negledt  this, 
the  Nitre  being  entirely  didipated  or  alkalizated* 
the  calxes  of  the  metals  deftroyed  by  it  may  podibly 
recover  a  little  phlogifton,  communicated  either  by 
the  vapours  of  the  charcoal,  or  by  little  bits  of  coal 
accidentally  falling  into  the  crucible  j  by  which 

means 
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means  fome  portion  of  thofe  metals  being  reduced 
will  mix  again  with  the  Silver,  prevent  its  having 
the  defired  degree  of  purity  and  du&ility,  and  ob- 
Jjge  you  to  begin  the  operation  al'icfh. 

.J..  -- ~~L",CI  ■  _Wrrr“~"_  -  i  11 


PROCESS  IV. 

<To  dijfolve  Silver  in  Aqua  Fortis,  and  thereby  fepa- 
reite  it  from  every  other  met (illine  Suajlance.  The 
Purification  of  Aqua  Fortis.  Silver  precipitated 
by  Copper. 

jq  jg  Silver  you  intend  to  difiolve  being  beaten 
1  into  thin  plates,  put  it  into  a  glafs  cucurbit  ; 
pour  on  it  twice  its  weight  of  good  precipitated 
Aqua  Fortis  -,  cover  the  cucurbit  with  a  paper,  and 
fet  it  on  a  fand-bath  moderately  heated.  The  Aqua 
Fortis  will  begin  to  difiolve  the  Silver  as  lbon  as  it 
comes  to  be  a  little  warm.  Red  vapours  will  rife  ; 
and  from  the  upper  furfaces  ot  the  Silver  there  will 
feem  to  iffue  fireams  of  little  bubbles,  a  Reading  to  the 
top  of  the  liquor,  between  which  and  the  Silver  they 
will  form,  as  it  were,  a  number  of  fine  chains  :  this 
is  a  ficm  that  the  difiolution  proceeds  duly,  and  that 
the  degree  ol  heat  is  luch  as  it  ought  to  be.  If  the 
liquor  appear  to  boil  and  be  agitated,  a  great  many 
red  vapours  rifing  at  the  fame  time,  it  is  a  fign  that 
the  heat  is  too  great,  and  fhould  be  lefiened  till  it 
be  reduced  to  the  proper  degree  indicated  above  : 
having  obtained  that,  keep  it  equally  up  till  no  more 

bubbles  or  red  vapours  appear. 

'If  your  Silver  be  alloyed  with  Gold,  the  Gold 
will  be  found,  when  the  difiolution  is  finifhed,  at 
the  bottom  of  the  vefifel  in  the  form  of  a  powcer. 
The  folution  muft  now  be  decanted  while  it  is  yet 
warm  :  on  the  powder  pour  half  as  much  frefh  Aqua 
Fortis  as  before,  and  make  it  boil  ;  again  decant  this 
fécond  Aqua  Fortis ,  and  repeat  the  fame  a  t  îr 
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time  ;  then  with  fair  water  wafh  the  remaining  pow¬ 
der  well  :  it  will  be  of  a  brown  colour  inclining  to 
red.  ^  In  the  obfervations  we  fhall  fliew  how  the  Sil¬ 
ver  is  to  be  feparated  from  the  /I qua  Forth. 

OBSERVA  FIG  NS. 

All  the  procédés  on  Silver  already  delivered, 
whether  for  extrading  it  from  its  ores,  or  for  refin¬ 
ing  it,  either  by  the  Cupel  or  by  Nitre,  are  applica¬ 
ble  to  Gold  alfo.  And  if  Silver  be  alloyed  with 
Gold  before  it  undergo  thofe  feveral  operations, 
it  will  dill  remain  alloyed  therewith  after  "them,  in 
the  fame  manner,  and  in  the  fame  quantity  ;  becaufe 
both  metals  bear  them  equally.  All  therefore,  that 
can  be  expeded  from  thofe  feveral  allays,  is  the  fe- 
paration  of  every  thing  that  is  neither  Silver  nor 
Gold  from  thefe  two  metals.  But  in  order  to  fe- 
parate  thefe  two  from  each  other,  recourfe  mud  be 
had  either  to  the  procefs  laid  down  under  the  head 
of  Gold,  or  to  that  here  deferibed,  which  is  the 
mod  commodious,  the  mod  ufual,  and  known  by 
the  names  of  Quartation  and  the  Farting  AJfay. 

Aqua  Forth  is  the  true  Solvent  of  Silver,  and  is 
utterly  incapable  of  difiolving  the  lead  atom  of 
Gold.  If  therefore  a  mafs  confiding  of  Gold  and 
Silver  be  expofed  to  the  adion  of  Aqua  Fortis ,  that 
Acid  will  difiolve  the  Silver  contained  in  the  com¬ 
pound,  without  touching  the  Gold,  and  the  two 
metals  will  be  feparated  from  each  other.  This  me¬ 
thod  of  parting  them  is  jud  the  reverfe  of  that 
deferibed  before  under  the  head  of  Gold,  which  is 
effeded  by  the  means  of  Aqua  Regis. 

To  the  fuccefs  of  this  feparation  by  means  of 
Aqua  Fortis  feveral  conditions  are  effen daily  neceffary. 
The  fird  is  that  the  Gold  and  Silver  be  in  due  pro¬ 
portion  to  each  other  ;  that  is,  there  mud  be  at  lead 
twice  as  much  Silver  as  Gold  in  the  metalline  mafs, 
otherwife  the  Aqua  Forth  will  not  be  able  to  difiolve 

it, 
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it,  for  the  reafon  formerly  given.  If  therefore 
the  mais  contain  too  little  Silver,  it  muff  either  be 
melted  down  again,  and  a  proper  quantity  of  Silver 
added  -,  or  elfe,  if  the  Gold  be  in  a  fufficient  pro¬ 
portion  to  the  Silver,  they  may  be  parted  by  means 
of  Aqua  Regis . 

Secondly,  it  is  neceftary  that  the  Aqua  Forth  em¬ 
ployed  in  this  operation  be  abfolutely  pure,  and  free 
from  any  taint  of  the  Vitriolic  or  Marine  Acid  :  for, 
if  it  be  adulterated  with  the  Vitriolic  Acid,  the  Sil¬ 
ver  will  precipitate  as  fall  as  it  diftolves,  and  fo  the 
precipitated  Silver  will  again  mix  with  the  Gold.  If 
the  Aqua  Fortis  contain  any  of  the  Marine  Acid, 
the  Silver  will  be  precipitated  in  that  cafe  alfo  -,  and 
this  inconvenience  will  be  attended  with  another, 
namely,  that  the  menftruum,  being  partly  an  Aqua. 
Regis ,  will  diffolve  feme  of  the  Gold.  You  mull 
therefore  be  very  fure  that  your  Aqua  Fortis  is  pure 
before  you  fet  about  the  operation.  In  order  to  dis¬ 
cover  its  quality,  you  muft  try  it  by  dilfolving,  in  a 
fmall  portion  thereof,  as  much  Silver  as  it  will  take 
up  :  if  the  Aqua  Fortis  grow  opaque  and  milky  as 
it  diffolves  the  Silver,  *tis  a  fign  it  contains  feme  fo¬ 
reign  Acid,  from  which  it  muft  be  purified. 

In  order  to  effed  this,  let  the  portion  of  Aqua 
Fortis  ufed  for  the  above  trial  ftand  to  fettle  :  the 
white  milky  part  will  gradually  fall  to  the  bottom 
of  the  veffel.  When  it  is  all  fallen,  gently  decant 
the  clear  liquor,  and  pour  a  few  drops  of  this  de¬ 
canted  folution  of  Silver  into  the  Aqua  Fortis  which 
you  want  to  purify.  It  will  inftantly  become  milky. 
Let  the  white  particles  precipitate  as  before,  and 
then  add  a  few  more  drops  of  your  folution  of  Silver. 
If  the  Aqua  Fortis  ftill  become  milky,  let  it  preci¬ 
pitate  again,  and  repeat  this  till  you  find  that  a  drop 
of  your  Solution  of  Silver,  let  fall  into  this  Aqua 
Fortis ,  does  not  make  it  in  the  leait  turbid.  Then 
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filter  it  through  brown  paper,  and  you  will  have  an 
Aqua  Forth  perfectly  fit  for  the  Parting  Affay. 

The  white  particles  that  appear  and  fettle  to  the 
bottom,  on  dififolving  Silver  in  an  Aqua  Fortis  adul¬ 
terated  with  a  mixture  of  fome  foreign  Acid,  are 
no- other  than  that  very  Silver,  which  is  no  fooner 
'  dififolved  by  the  Nitrous  Acid  than  it  deferts  that 
folvent  to  unite  with  the  Vitriolic  or  Marine  Acid, 
wherewith  it  has  a  greater  affinity,  and  falls  to  the 
bottom  with  them.  And  this  happens  as  long  as 
there  remains  in  the  Aqua  Forth  a  fingle  atom  of 
either  of  thofe  two  Acids. 

When  therefore  your  Aqua  Forth  hath  difiblved 
as  much  Silver  as  it  is  capable  of  taking  up,  and 
when  ail  the  white  particles  formed  during  the  dif- 
folution  are  fettled  to  the  bottom,  you  may  be  af- 
fured  that  the  portion  which  remains  clear  and  lim¬ 
pid  is  a -folution  of  Silver  in  an  exceeding  pure  Aqua 
Forth.  But  if  the  folution  of  Silver  thus  depurat¬ 
ed  be  mixed  with  an  Aqua  Fortis  adulterated  with 
the  Vitriolic  or  Marine  Acid,  a  like  precipitation 
will  immediately  enlue,  for  the  reafons  above  given, 

*  till  the  very  laft  particle  of  the  heterogeneous  Acid 
contained  in  the  Aqua  Fortis  be  precipitated. 

Aqua  Fortis  purified  by  this  method  contains  no 
extraneous  fubftance  whatever,  except  a  fin  all  por¬ 
tion  of  Silver  ;  fo  that  it  is  very  fit  for  the  parting 
procefs.  But  if  it  be  intended  for  other  chymical 
purpofes,  it  muft  be  rectified  in  a  glafs  retort  with 
a  moderate  heat,  in  order  to  feparate  it  from  the 
fmall  portion  of  Silver  it  contains,  which  will  re¬ 
main  at  the  bottom  of  the  retort. 

The  third  condition  necefiary  to  the  fuccefs  of  this 
operation  is  that  your  Aqua  Fortis  be  neither  too 
aqueous,  nor  too  highly  concentrated.  If  too  weak, 
it  will  not  ad  upon  the  Silver  :  and  the  confequence 
will  be  the  fame  if  it  be  too  ftrong.  Both  thefe  in- 
conveniencies  are  eafily  remedied  ;  for  in  the  former 

cafe 
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cafe  part  of  the  fuperfluous  phlegm  may  be  drawn 
off  by  diftillation  ;  or  a  fufficient  quantity  of  much 
ftronger  Aqua  Fortis  may  be  mixed  with  that  which 
is  too  weak  :  and  in  the  latter  cafe,  very  pure  rain 
water,  or  a  weaker  Aqua  Forth ,  may  be  mixed 
with  that  which  is  too  ftrong. 

You  may  fatisfy  yourfelf  whether  or  no  your  Aqua 
Forth  hath  the  requifite  degree  of  ftrength,  by  dif- 
folving  therein  a  thin  plate  confifting  of  one  part 
Gold  and  two  or  three  parts  Silver  ;  which  plate 
muft  be  rolled  up  in  form  of  a  paper  coffin.  If, 
when  all  the  Silver  contained  in  the  plate  is  diffolved, 
the  Gold  remains  in  the  form  of  the  coffin,  it  is  a 
fiorn  that  your  Solvent  has  a  due  degree  of  ftrength. 
If,  on  the  contrary,  the  Gold  be  reduced  to  a  powder, 
it  is  a  proof  that  your  Aqua  Fortis  is  too  ftrong,  and 
ought  to  be  weakened. 

The  Gold  remaining  after  the  diffiolution  of  the 
Silver  muft  be  melted  in  a  crucible  with  Nitre  and 
Borax,  as  hath  already  been  faid  under  the  procefs 
for  parting  Gold  and  Silver  by  means  of  Aqua  Re¬ 
gis.  As  to  the  Silver  which  remains  diffolved  in  the 
Aqua  Fortis ,  there  are  feveral  ways  to  recover  it. 

The  moft  ufual  is  to  precipitate  it  by  the  interpo¬ 
lation  of  Copper,  which  hath  a  greater  affinity  than 
Silver  with  the  Nitrous  Acid  *.  For  this  purpofe 
the  folution  is  weakened  by  adding  twice  or  thrice 
as  much  very  pure  rain  water.  The  cucurbit  con¬ 
taining  the  folution  is  fet  on  a  fand-bath  gently 
heated,  and  very  clean  plates  of  copper  put  into  it. 
The  furfaces  of  thefe  plates  are  foon  covered  with 
little  white  fcales,  which  gradually  fall  to  the  bot¬ 
tom  of  the  veffel,  as  they  come  to  be  collected  in 
quantities.  It  is  even  proper  to  ftrike  the  cucurbit 
gently  now  and  then,  in  order  to  fhake  the  fcales  of 
Silver  from  the  copper  plates,  and  lb  make  room  for 
a  new  crop. 

The 

*  See  the  Table  of  Affinities  Column  IV. 
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The  Aqua  Fortis  parts  with  the  Silver  by  degrees 
only  as  it  diilolves  the  Copper  ;  and  therefore  the 
liquor  gradually  acquires  a  blueifh  green  colour  as 
the  precipitation  advances.  This  precipitation  of 
the  Silver  is  to  be  continued  as  long  as  any  remains 
diiiolved  in  the  Aqua  Fortis  :  you  may  be  fure 
that  your  liquor  contains  no  more  Silver,  if  the  fur- 
face  of  a  frefh  plate  of  copper  laid  therein  remain 
clean  and  free  from  afh-coloured  or  greyifh  particles  ; 
or  if  one  drop  of  a  folution  of  Sea-falt  let  fall  into  it 
produce  no  white  or  milky  cloud. 

The  precipitation  being  finiffied,  the  liquor  is  to 
be  gently  poured  off  from  the  precipitated  Silver, 
which  mu  ft  be  rin  fed  in  lèverai  waters,  and  even 
made  to  boil  therewith,  in  order  to  free  it  wholly 
from  the  diffolved  Copper.  The  Silver  thus  well 
wafhed  muft  be  thoroughly  dried,  mixed  with  a 
fourth  of  its  weight  of  a  flux  compounded  of  equal 
parts  of  Nitre  and  calcined  Borax,  and  then  melted 
in  a  crucible.  On  this  occafion  care  muft  be  taken 
to  raife  the  fire  gently  and  gradually,  till  the  Silver 
be  brought  to  fufion. 

With  what  accuracy  foever  the  precipitated  Silver 
be  wafhed,  in  order  to  free  it  from  the  folution  of 
Copper,  yet  the  Silver  will  always  be  found  alloyed 
with  a  Small  portion  of  the  Copper:  but  then  this 
Copper  is  eafily  deftroyed  by  the  Nitre,  with  which 
the  Silver  is  afterwards  melted;  fo  that  the  latter 
metal  remains  perfectly  pure  after  the  operation. 

Though  the  Silver  be  not  previously  cupelled,  but 
be  alloyed  with  other  metallic  fubftances  at  the  time 
it  is  thus  diffolved,  yet  the  diffolving,  precipitating, 
and  fufing  it  with  Nitre  would  be  Sufficient  to  Separate 
it  accurately  from  them  all,  and  refine  it  to  a  de¬ 
gree  of  purity  equal  to  that  obtained  by  the  cupel. 

The  Copper  that  remains  diffolved  in  the  Aqua 
Fortis,  after  the  precipitation  of  the  Silver,  may  in 
like  manner  be  precipitated  by  Iron,  and,  as  it  re¬ 
tains  , 
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tains  a  fmall  portion  of  Silver,  ought  not  to  be  neg¬ 
lected  when  thefe  operations  are  performed  on  con- 
fiderable  quantities. 

In  the  two  next  procédés  we  fhall  (hew  two  other 
methods  of  Separating  Silver  from  Aqua  Forth. 


PROCESS  V. 

F 0  feparate  Silver  from  the  Nitrous  Acid  hy  Diftilla - 
tion.  Cryfials  of  Silver.  F  he  Infernal  Stone. 

IN  T  O  a  large,  low,  glafs  body  put  the  Solution 
of  Silver  from  which  you  intend  to  Separate  the 
Silver  by  distillation.  To  this  body  fit  a  tubulated 
head  provided  with  its  Stopple.  Set  this  alembic 
in  a  Sand-bath,  fo  that  the  body  may  be  almoft 
covered  with  fand  :  apply  a  receiver,  an.d  diffcill 
with  a  moderate  heat,  fo  that  the  drops  may  Suc¬ 
ceed  each  other  at  the  distance  of  Some  Seconds.  If 
the  receiver  grow  very  hot,  check  the  fire.  When 
red  vapours  begin  to  appear,  pour  into  the  alembic, 
through  the  hole  in  its  head,  a  frefh  quantity  of 
your  Solution  of  Silver,  firft  made  very  hot.  Con¬ 
tinue  diStilling  in  this  manner,  and  repeating  the 
addition  of  Srelh  liquor,  till  all  your  Solution  be  put 
into  the  alembic.  When  you  have  no  more  frefh 
folution  to  put  in,  and  when,  the  phlegm  being  all 
come  over,  red  vapours  begin  again  to  appear,  con¬ 
vey  into  the  alembic  half  a  dram  or  a  dram  of 
tallow,  and  diftiil  to  drynefs  ;  which  being  done,  in- 
creafe  your  fire  So  as  to  make  the  veflel  containing 
the  fand-bath  red-hot.  In  the  alembic  you  will 
find  a  calx  of  Silver,  which  mull  be  melted  in  a  cru¬ 
cible  with  fome  Soap  and  calcined  wine-lees. 
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OBSERVATIONS . 

A  îow  cucurbit  is  recommended  for  this  ope¬ 
ration,  to  the  intent  that  the  particles  of  the  Nitrous 
Acid,  which  are  ponderous,  may  the  more  eafily 
be  carried  up  and  pafs  over  into  the  receiver.  For 
the  fame  reafon  the  cucurbit  is  directed  to  be  almoft 
wholly  covered  with  fand  ;  left  otherwife  the  acid 
vapours  fhould  be  condenfed  about  that  part  of  the 
cucurbit,  which,  being  out  of  the  fand,  would  bei 
much  cooler  than  that  which  is  encompalTed  there¬ 
with,  and  from  thence  fall  back  again  to  the  bottom  ; 
by  which  means  the  diftillation  would  certainly  be 
retarded,  and  the  vefTel  would  probably  be  broken. 

Notwithftanding  thefe  precautions  the  veftels  are 
liable  to  break  in  fuch  diftillations  ^  efpecially  when 
they  contain  a  great  deal  of  liquor.  With  a  view 
therefore  to  prevent  this  accident,  we  ordered  that 
the  whole  quantity  of  the  folution  of  Silver  to  be 
diftilled  fhould  not  Le  put  at  once  into  the  alem¬ 
bic.  The  little  bit  of  tallow  added  towards  the 
end  of  the  operation  is  intended  to  hinder  the  metal 
from  adhering  clofely  to  the  veftel,  as  it  would  other- 
wife  do,  when  all  the  moifture  is  diftipated. 

The  Soap  and  Fixed  Alkali  mixed  with  the  Silver 
to  flux  it,  after  its  feparation  from  the  Aqua  Fortis 
in  this  way,  ferve  to  abforb  fuch  of  the  moft  fixed 
particles  of  the  Acid  as  may  ftill  remain  united  with 
the  metal. 

If  the  diftillation  be  flopped  when  part  of  the 
phlegm  is  drawn  off,  and  the  liquor  be  then  fuffered 
to  cool,  many  cryftals  will  Ihoot  therein,  which 
are  a  Neutral  Salt  conftituted  of  the  Nitrous  Acid 
and  Silver.  If  the  diftillation'  be  carried  further, 
and  flopped  when  near  its  conclufion,  the  liquor 
being  then  fuffered  to  cool  will  wholly  coagulate 
into  a  blackifh  mafs  called,  the  Infernal  Stone .  • 

The 
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This  way  of  feparating  Silver  from  its  folvent 
is  attended  with  the  advantage  of  faving  all  the 
Aqua  Forth ,  which  is  excellent,  and  fit  to  be  em¬ 
ployed  in  other  operations. 


PROCESS  VI. 


<T 0  feparate  Silver  from  the  Nitrous  Acid  hy  Precipi¬ 
tation .  Luna  Cornea.  Luna  Cornea  reduced . 

INTO  your  folution  of  Silver  pour  about  a 
fourth  part  in  weight  of  Spirit  of  Salt,  folution 
of  Sea-ialt,  or  folution  of  Sal  Ammoniac.  The  li¬ 
quor  will  inftantly  become  turbid  and  milky.  Add 
twice  or  thrice  its  weight  of  fair  water,  and  let>  it 
(land  fome  hours  to  fettle.  It  will  depofite  a  white 
powder.  Decant  the  clear  liquor,  and  on  the  pre¬ 
cipitate  pour  frefh  Aqua  Portis ,  or  Spirit  of  Salt, 
and  warm  the  whole  on  a  fand-bath  with  a  gentle 
heat  for  fome  time.  Pour  off  this  fécond  liquor, 
and  boil  your  precipitate  in  pure  water,  fhifting  it  fe- 
veral  times,  till  the  precipitate  and  the  water  be  both 
quite  infipid.  Filter  the  whole,  and  dry  the  preci¬ 
pitate,  which  will  be  a  Luna  Cornea ,  and  mult  bs 
reduced  in  the  following  manner. 

Smear  the  infide  of  a  good  crucible  well  with 
foap.  Put  your  Luna  Cornea  into  it  ;  cover  it  with 
half  its  weight  of  Salt  of  Tartar,  thoroughly  dried 
and  pulverifed  ;  prefs  the  whole  hard  down  ;  pour 
thereon  as  much  oil,  or  melted  tallow,  as  the  powder 
is  capable  of  imbibing  ;  fet  the  crucible  thus  charged, 
and  clofe  covered,  in  a  melting  furnace,  and,  for  the 
firfi:  quarter  of  an  hour,  kindle  no  more  fire  than  is 
neceffary  to  make  the  crucible  moderately  red  ;  after 
that  raife  it  fo  as  to  melt  the  Silver  and  the  Salt, 
throwing  into  the  crucible  from  time  to  time  little 
bits  of  tallow.  When  it  ceafes  to  fmoke,  let  the 
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whole  cool  ;  or  pour  it  into  a  hollow  iron  Gone? 
■warmed  and  tallowed. 

OBSERVATION  S. 

The  procefs  here  delivered  furnifhes  us  with  the 
means  of  procuring  Silver  in  a  degree  of  purity 
which  is  not  to  be  obtained  by  any  other  method  of 
treating  it  whatever.  That  which  is  refined  on  the 
cupel  always  retains  a  fmall  portion  of  copper,  from 
which  it  cannot  poffibly  be  feparated  in  that  way  :  but 
if  it  be  difiolved  in  Aqua  Fortis ,  and  precipitated  thence 
;  in  a  Luna  Cornea  by  the  Marine  Acid,  the  preci¬ 
pitate  will  be  an  abfolutely  pure  Silver,  unalloyed: 
with  that  fmall  portion  of  Copper  which  it  retained 
on  the  cupel.  The  reafon  of  this  effed:  is,  that  the 
Copper  remains  as  perfectly  diffolved  in  Spirit  of 
Salt  and  in  Aqua  Regia  as  in  Aqua  Forth  :  fo  that 
when  the  Silver  and  the  Copper  with  which  it  is  al¬ 
loyed  are  diffolved  together  in  the  Nitrous  Acid,  if 
the  Acid  of  Sea-falt  be  mixed  with  the  folution, 
part  of  this  latter  Acid  unites  with  the  Silver,  and 
therewith  forms  a  new  compound,  which  not  being 
foluble  in  the  liquor,  falls  to  the  bottom.  The 
other  part  of  the  Acid  mixing  with  the  Nitrous, 
forms  an  Aqua  Regis ,  in  which  the  Copper  remains 
diffolved,  without  fèparating  from  it. 

Frefh  Acid  is  poured  on  the  precipitated  calx  of 
Silver,  in  order  to  complete  the  folution  of  the  fmall 
portion  of  Copper  that  may  have  efcaped  the  adioa, 
of  the  firfl  folvent.  It  is  indifferent  whether  the 
Spirit  of  Salt  or  the  Spirit  of  Nitre  be  employed 
for  this  piirpofe,  becaufe  they  both  dilTolve  Copper 
alike,  and  becaufe  Silver  precipitated  by  Spirit  of 
Salt  is  not  foluble  in  either. 

After  this  it  is  neceffary  to  wadi  the  precipitate 
well  with  pure  water,  in  order  to  free  it  entirely  from 
the  particles  of  Aqua  Fortis  adhering  to  the  Sil¬ 
ver  ;  becaufe  they  may  poilibly  contain  fomething  of 
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Copper,  which  would  mix  with  the  Silver  in  melt¬ 
ing,  and  taint  its  purity. 

If  this  precipitate  of  Silver  be  expofed  to  the  fire, 
unmixed  with  any  other  fubftance,  it  melts  as  foon 
as  it  begins  to  be  red  ;  and  if  the  fire  be  increafed, 
part  thereof  will  be  diffipated  in  vapours,  and  the 
reft  will  make  its  way  through  the  crucible  in  which 
you  melt  it.  But  being  poured  out  of  the  crucible 
as  foon  as  melted,  it  coagulates  into  a  cake  of  a  pur- 
plifii  red  colour,  femi-tranfparent,  ponderous,  and 
in  fome  degree  pliable,  efpecially  if  it  be  very  thin. 
It  bears  fome  refemblance  to  horn,  which  hath  oc- 
cafioned  it  to  be  called  Luna  Cornea . 

As  Luna  Cornea  is  not  foluble  in  water,  recourfe 
muft  be  had  to  fufion,  in  order  to  reduce  it  by  fe- 
parating  from  the  Silver  thofe  acids  which  give  it 
the  abovemen tioned  properties.  Fixed  Alkalis  and 
fatty  matters  are  very  fit  to  produce  that  fepara- 
tion. 

We  directed  that  the  infide  of  the  crucible,  in 
which  the  red u 61  ion  is  to  be  made,  fhould  be  care¬ 
fully  ftneared  with  foap,  and  that  the  Luna  Cornea 
fhould  be  quite  covered  with  a  Fixed  Alkali  and  fat, 
to  the  end  that  when  the  heat  is  ftrong  enough  to 
difiipate  it  in  vapours,  or  to  attenuate  it  fo  as  to 
render  it  capable  of  penetrating  the  crucible,  it  may 
be  forced  to  pafs  through  matters  qualified  to  abforb 
its  Acid,  and  reduce  it. 

Luna  Cornea  may  alfo  be  reduced  by  being  melted 
with  fuch  metalline  fubftances  as  have  a  greater  af¬ 
finity  than  Silver  with  the  Acids  wherewith  it  is  im¬ 
pregnated.  Of  this  kind  are  Tin,  Lead,  Regulus 
of  Antimony  :  but  the  Luna  Cornea  rufhes  foimpetu- 
oufly  into  conjundlion  with  thofe  metalline  fubftan¬ 
ces,  that  a  vaft  many  vapours  arife,  and  carry 
off  with  them  part  of  the  Silver  :  if  therefore  you 
chufe  to  effedl  the  redu&ion  by  the  interpofition 
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of  fuch  metalline  fubftances,  you  muft  employ  a  re¬ 
tort  inftead  of  a  crucible. 

But  this  method  is  attended  with  another  incon¬ 
venience  -,  which  is,  that  fome  part  of  thole  metal¬ 
line  fubftances  may  unite  with  the  Silver,  and  adul¬ 
terate  it;  for  which  reafon  it  is  bell  to  keep  to  the 
method  firft  propofed. 


PROCESS  VII. 

To  diffclve  Silver 3  and  feparàte  it  from  Gold ,  by 

Cementation. 

I  X  thoroughly  together  fine  brick-duft  four 
J[  parts,  Vitriol  calcined  to  rednefs  one  part, 
and  Sea  fait  or  Nitre  one  part.  Moiften  this  pow¬ 
der  with  a  little  water.  With  this  cement  cover  the 
bottom  of  a  crucible  half  an  inch  thick  ;  on  this  firft 
bed  lay  a  thin  plate  of  the  mais  of  Gold  and  Silver 
you  intend  to  cement,  and  which  you  muft  previ- 
oufiy  take  care  to  beat  into  fuch  thin  plates.  Co¬ 
ver  this  plate  with  a  fécond  layer  of  cement,  of  the 
fame  thicknefs  as  the  former  ;  on  this  fécond  bed 
lay  another  plate  of  your  metal  ;  cover  it  in  like 
manner  with  cement;  and  fo  proceed  till  the  cru¬ 
cible  be  filled  to  within  half  an  inch  of  its  brim.  Fill 
up  the  remaining  fpace  with  cement,  and  clofe  the 
crucible  with  a  cover,  luted  with  a  pafte  made  of 
Windfor-loam  and  water:  fet  your  crucible  thus 
charged  in  a  furnace,  whole  fire-place  is  deep  enough 
to  let  it  be  entirely  fur  rounded  with  coals,  quite  up 
to  its  mouth.  light  fome  coals  in  the  furnace,  tak¬ 
ing  care  not  to  make  the  fire  very  brifk  at  firft  ;  en- 
creafe  it  by  degrees,  but  only  fo  tar  as  to  make  the 
crucible  moderately  red  ;  keep  up  the  fire  in  this  de¬ 
gree  for  eighteen  or  twenty  hours  :  then  let  the  fire 
go  out;  open  the  crucible  when  it  is  cold,  and  fepa- 
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rate*  the  cement  from  your  plates  of  Gold.  Boil 
the  Gold  repeatedly  in  fair  water,  till  the  water 
come  off  quite  infipid. 

OBSERVATIONS. 

It  cannot  but  feem  ftrange  that,  after  having  fo 
often  declared  the  Acid  of  Sea-falt  to  be  incapable 
of  diffolving  Silver,  we  fliould  direbt  either  Nitre 
or  Sea-falt  indifferently  to  be  employed  in  compofing 
a  cement,  which  is  to  produce  an  Acid  capable  of 
eating  out  all  the  Silver  mixed  with  Gold.  It  is 
eafy  to  conceive  how  the  Nitrous  Acid  extricated 
from  its  bafis  by  means  of  the  Vitriolic  Acid  may 
produce  this  effebt  :  but  if  Sea-falt  inftead  of  Nitre 
be  made  an  ingredient  in  the  cement,  its  Acid, 
though  fet  at  liberty  in  the  fame  manner  by  the  Vi¬ 
triolic  Acid,  muff  at  firft  fight  appear  unable  to 
anfwer  the  end. 

In  order  to  remove  this  difficulty  we  mud  here 
obferve  that  there  are  two  very  effentia!  differ  ences 
between  the  IVIarine  Acid  collected  in  a  liquor,  a^  it 
is  when  diftilled  in  the  ufual  manner,  and  the  fame 
Acid  feparated  from  its  bafis  in  a  cruciole,  as  it  is 
in  cementation. 

The  firft  of  thefe  two  differences  is  that,  the  Acid 
beino-  reduced  into  vapours  when  it  abb  on  the  Sil¬ 
ver  in  cementation,  its  ablivity  is  thereby  greatly  en~ 
creafed  :  the  fécond  is,  that  in  the  crucible  it  fuf- 
tains  a  vaftly  greater  degree  of  heat  than  it  can 
ever  bear  when  it  is  in  the  form  of  a  liquor.  For, 
after  it  is  once  diftilled  and  feparated  from  its  bafis, 
it  cannot  fuftain  any  extraordinary  degree  of  heat 
without  being  volatilized  and  entirely  diffipated: 
whereas  while  it  continues  united  with  its  balls  it  is 
much  more  fixed,  and  cannot  be  feparated  but  by  a 
very  intente  heat.  Confequently,  if  it  meet  with 
any  body  to  diffolve,  at  the  very  inftant  of  its  fepa- 

ration  from  its  bafis,  while  it  is  actuated  by  a  much 
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fiercer  heat  than  can  ever  be  applied  to  it  on  any 
Other  occafion,  it  mull  operate  upon  that  body  with  fo 
much  the  more  efficacy  :  and  thus  it  comes  to  pais 
that  in  cementation  it  has  the  power  of  diffolvinp 
Silver,  which  it  would  be  incapable  of  touching  if 
it  were  not  fo  circumftanced.  ° 

But  heiein  Gold  differs  from  Silver:  for,  whatever 
force  the  Nitrous  or  the  Marine  Arid  may  exert, 
when  extricated  from  their  bales  in  the  cementing 
crucible,  this  metal  obuinately  refufes  to  yield  to-ei- 
ther  of  thofe  Acids  feparately,  and  can  never  be 
diffoived  by  them,  unlefs  both  be  united  together.  ' 
Our  cementation  therefore  is  actually  a° parting 
procels  in  the  dry  way.  The  Sdver  is  diffolved, 
and  the  Gold  remains  unaltered.  Nay,  as  the  a£ti- 
on  oi  the  Acids  is  much  ftronger  when  they  are  ap¬ 
plied  this  way,  than  when  they  are  ufed  for  diffolu- 
tion  in  the  moift  way,  the  Nitrous  Arid,  which  in 
the  common  parting  procçfs  will  not  diffolve  Silver 
unlefs  its  weight  be  double  that  of  the  Gold,  is  able 
m  cementation  to  diffolve  a  very  fm all  quantity  of 
■  Yer  dffrufed  through  a  large  quantity  of  Gold. 

If  fomenmes  happens  that  after  the  operation  the 
cement  proves  extremely  hard,  fo  that  it  is  very 
trouble, ome  to  Separate  it  entirely  from  the  Gold, 
in  this  cale  it  muff  be  foftened  by  moittening  it  with 
Jiot  water.  Ihs  hardnefs  which  the  cement  ac- 
quires  is  occafioned  by  the  lufion  of  the  Salts,  which 
is  tne  efferi  of  too  ftrong  a  heat.  It  was  in  order 
to  prevent  this,  and  that  a  due  degree  of  heat  might 
be  applied  without  the  danger  of  meitino-  the  faits 
that  we  directed  the  cement  'to  be  mixed  with  a  con’ 
liderable  quantity  of  earthy  matter  incapable  of  ft,, 
fion,  luce,  as  brick-duff.  A  greater  inconvenience 
bin  will  en t tie  if  die  fire  be  made  fo  lirons  as  to 
melt  tne  Gold  :  for  then  it  will  partly  commix 
again  with  the  other  metalline  foblfoncts  diflblvrd 
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by  the  cement,  and  confequently  will  not  be  pu¬ 
rified. 

The  crucible  is  covered,  and  its  cover  luted  on, 
to  prevent  the  acid  vapours  from  being  too  boon 
diffipated,  and  to  force  them  to  circulate  the 
longer  in  the  crucible.  However,  it  is  necefifary 
that  thofe  vapours  fhould  find  a  vent  at  lait,  other- 
wife  they  would  burft  the  veiTel  :  and  for  this  reafon 
we  directed  the  crucible  to  be  luted  only  with  Wind- 
for-loam,  which  does  not  grow  very  hard  by  the 
ad  ion  of  fire,  and  lo  is  capable  of  yielding  and  giv¬ 
ing  pafTage  to  the  vapours,  when  a  certain  quan¬ 
tity  of  them  is  colleded  in  the  crucible,  and  they  be¬ 
gin  to  druggie  for  an  efcape  on  every  fide. 

When  the  operation  is  finifhed,  the  Silver  diffolv- 
ed  by  the  Acid  of  the  cement  is  partly  diftributed 
through  the  cement,  and  partly  in  the  Gold  itfelf, 
which  is  impregnated  therewith.  For  this  reafon 
the  Gold  mult  be  wafhed  feveral  times  in  boiling 
water,  till  the  water  become  abfolutely  infipid  : 
for,  if  the  Gold  be  melted  without  this  precaution, 
it  will  mix  again  with  the  Silver  :  the  cement  alfo 
may  be  wafhed  in  the  fame  manner  to  recover  the 
Silver  it  contains. 

Though  this  cementation  be,  properly  fpeaking, 
a  purification  of  Gold,  yet  we  have  placed  it  among 
the  procédés  on  Silver,  becaufe  it  is  the  Silver  that 
is  diflolved  on  this  oceafion,  and  becaufe  this  is  a 
particular  way  of  diffolving  that  metal.  Moreover, 
mod  of  the  precedes  hitherto  delivered,  either  on 
Gold  or  Silver,  are  equally  applicable  to  both  thefe 
metals. 

if  the  Gold  do  not  appear  quite  pure  after  the 
cementation,  the  procefs  mud  be  repeated. 

There  are  feveral  ways  to  know  the  finenefs  of 
Gold,  the  quantity  of  Silver  with  which  it  is  alloy¬ 
ed,  and  the  proportion  in  which  thefe  two  metals  are 
mixed  in  a  mafs  purified  by  the  cupel.  ,  . 
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One  of  the  fimpleft  is  the  trial  by  the  Touch  - 
Hone  ;  which  indeed  is  hardly  any  more  than  judg¬ 
ing  by  the  eye  only,  from  the  colour  of  the  com¬ 
pound  metal,  what  proportion  of  Gold  and  Silver 
it  contains. 

The  Touch -ftone  is  a  fort  of  black  marble,  whofe 
furface  ought  to  be  half  polilhed.  If  the  metalline 
mafs  which  you  want  to  try  be  rubbed  on  this  ftone, 
it  leaves  thereon  a  thin  coat  of  metal,  the  colour  of 
which  may  be  eafily  obferved.  Such  as  are  ac- 
cuftomed  to  fee  and  handle  Gold  and  Silver  can  at 
once  judge  very  nearly  from  this  fample  in  what 
proportion  the  two  metals  are  combined  :  but,  for 
greater  accuracy,  thofe  who  are  in  the  way  of  hav¬ 
ing  frequent  occafion  for  this  trial  are  provided  with 
a  fufficient  number  of  fmall  bars  or  needles,  of 
which  one  is  pure  Gold,  another  pure  Silver,  and 
all  the  reft  confift  of  thefe  two  metals  mixed  toge¬ 
ther  in  different  proportions,  varied  by  carats,  or 
even  by  fractions  of  carats,  if  greater  exadtnefs  be 
required. 

The  finenefs  of  each  needle  being  marked  on  it, 
that  needle  whole  colour  Teems  to  come  neareft  the 
colour  of  the  metalline  ftreak  on  the  Touch-ftone  is 
rubbed  on  the  ftone  by  the  fide  of  that  ftreak.  This 
needle  likewife  leaves  a  mark  ;  and  if  there  appear 
to  be  no  difference  between  the  two  metalline  ftreaks, 
the  metalline  mafs  is  judged  to  be  of  the  fame  fine¬ 
nefs  as  the  needle  thus  compared  with  it.  If  the 
eye  difcovers  a  fenfible  difference,  another  needle  is 
fought  for  whofe  colour  may  come  nearer  to  that  of 
the  metal  to  be  tried.  But  though  a  man  be  ever 
fo  well  verfed  in  judging  thus  of  the  finenefs  of  Gold 
by  the  eye  only,  he  can  never  be  perfectly  and  ac¬ 
curately  fore  of  it  by  this  means  alone.  If  fuch 
certainty  be  required,  recourfe  muff  be  had  to  the 
parting  a  (fay  ;  and  yet  when  you  have  gone  through 
it,  there  always  remains  a  fmall  quantity  of  the  metal, 
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which  fhould  have  been  diffolved,  and  yet  efcaped 
the  adtion  of  the  folvent.  For  example,  if  you 
make  ufe  of  Aqua  Regisy  the  Silver  that  remains  af¬ 
ter  the  operation  {till  contains  a  little  Gold  -,  and,  if 
you  make  ufe  oi  Aqua  Fortisy  the  Gold  that  remains 
after  the  operation  ftill  contains  a  little  Silver.  And 
therefore  if  you  refolve  to  carry  the  feparation  of 
thefe  two  metals  {till  further  by  folvents,  it  will  be 
neceflary,  after  you  have  gone  through  one  parting 
'procefs,  to  perform  a  fécond  the  contrary  way.  For 
example,  if  you  begin  with  Aqua  Fortisy  then,  af¬ 
ter  it"  has  diflbived  all  the  Silver  in  the  metalline 
mafs  that  it  is  capacle  of' taking  up,  diflolve  the  îe- 
maining  Gold  in  Aqua  Regis  ;  by  which  means  you 
will  feparate  the  fmall  portion  of  Silver  left  in  it  by 
the  Aqua  Fortis .  The  contrary  is  to  be  done  it 
you  made  ufe  of  Aqua  Regis  nrft. 


CHAP.  III. 


Of  Copper. 


PROCESS  I. 

Fo  feparate  Copper  from  its  Ore . 

BEAT  your  Copper  ore  to  a  flne  powder,  hav¬ 
ing  firft  freed  it.  as  accurately  as  poflible,  by 
waflnng°  and  roafting,  from  all  ftony,  earthy,  ful- 
phureous,  and  arfenical  parts.  Mix  your  ore  thus 
pulverized  with  thrice  its  weight  or  the  black  flux  \ 
put  the  mixture  into  a  crucible  -,  cover  it  with  com¬ 
mon  fait  to  the  thicknefs  of  half  an  inch,  and  prels 
the  whole  down  with  your  ringer.  Vvhth  all  this 
the  crucible  muft  be  but  half  full.  Set  it  in  a  melt¬ 
ing  furnace  ;  kindle  the  fire  by  degrees,  and  raife  it 
&  '  infen» 
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infenfibly  till  you  hear  the  Sea-felt  crackle.  When 
the  decrepitation  is  over,  make  the  crucible  mode¬ 
rately  red-hot  for  half  a  quarter  of  an  hour.  Then 
give  a  confiderable  degree  of  heat,  exciting  the  fire 
with  a  pair  of  good  perpetual  bellows,  fo  that  the 
crucible  may  become  very  red-hot,  and  be  perfectly 
ignited.  Keep  the  fire  up  to  this  degree  for  about 
a  quarter  of  an  hour  ;  then  take  out  the  crucible, 
and  with  a  hammer  flrike  a  few  blows  on  the  floor 
on  which  you  fet  it.  Break  it  when  cold.  If  the 
operation  hath  been  rightly  and  fuccefsfully  perform¬ 
ed,  you  will  find  at  the  bottom  of  the  veil'd  a 
hard  Regulus,  of  a  bright  yellow  colour,  and  femi- 
màlleable  ;  and  over  it  a  fcoria  of  a  yellowifh  brown 
colour,  hard  and  fhining,  from  which  you  may  fe- 
parate  the  Regulus  with  a  hammer. 

OBSERVATIONS. 

Copper  in  the  ore  is  often  blended  with  feveral 
other  metallic  fubftances,  and  with  volatile  mine¬ 
rals,  filch  as  Sulphur  and  Arlenic.  Copper  ores 
alfo  frequently  participate  of  the  nature  of  the  py¬ 
rites,  containing  a  martial  and  an  unmetallic  earth, 
both  of  which  are  entirely  refractory,  and  hinder 
the  ore  from  melting.  In  this  cafe  you  muft  add 
equal  parts  of  a  very  futile  glafs,  a  little  borax, 
and  four  parts  of  the  black  flux,  to  facilitate  the 
fufion.  1  he  black  flux  is  moreover  neceffary  to 
furnifh  the  Copper  with  the  Phlognton  it  wants,  or 
reftore  fo  much  thereof  as  it  may  lofe  in  meltino-. 
For  the  fame  reafon,  when  any  ore,  but  that  of 
Gold  or  Silver,  is  to  be  fmelted,  it  is  a  general  rule 
to  add  fome  black  flux,  or  other  matter  abounding 
with  Phlogifton. 

The  Regulus  produced  by  this  operation  is  not 
malleable,  became  it  is  not  pure  Copper,  but  a  mix¬ 
ture  of  Copper  with  all  the  other  metallic  fubftances 
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that  were  in  the  ore  ;  except  fuch  as  were  feparated 
from  it  by  roafting,  of  which  it  contains  but  little. 

According  to  the  nature  of  the  metallic  matters 
that  remain  combined  with  the  Copper  after  this  fu- 
fion,  the  colour  of  the  Regulus  is  either  like  that 
of  pure  Copper,  or  a  little  more  whitifh  :  it  is  alfo 
frequently  blackifh,  which  has  procured  it  the  name 
of  Black  Copper.  In  this  hate,  and  even  in  general, 
it  is  ufual  enough  to  call  this  Regulus  by  the  name 
of  Black  Copper,  when  alloyed  with  other  metallic 
fubhances  that  render  it  unmalleable,  whatever  its 
colour  be. 

Hence  it  appears  that  there  may  be  feveral  diffe¬ 
rent  forts  of  Black  Copper.  Iron,  Lead,  Tin, 
Bifmuth,  and  the  reguline  part  of  Antimony,  are. 
almoh  always  combined  with  the  ores  of  Copper, 
in  a  multitude  of  different  proportions  -,  and  all  thefe 
fubhances,  being  reduced  by  the  black  hux  in  the 
operation,  mix  and  precipitate  with  the  Copper.  If 
the  ore  contain  any  Gold  or  Silver,  as  is  pretty  often 
the  cafe,  thefe  two  metals  alfo  are  confounded  with 
the  reh  in  the  precipitation,  and  become  part  of  the 
Black  Copper. 

Pyritofe,  fulphureous,  and  arfenical  Copper  ores 
may  be  fufed,  in  order  to  get  rid  of  the  groffer  he¬ 
terogeneous  parts,  without  previously  roahing  them  : 
but  in  this  cafe  no  alkaline  flux  muff  be  mixed  with 
the  ore  -,  becaufe  the  Alkali  in  combination  with  the 
Sulphur  would  produce  a  Liver  of  Sulphur,  and  fo 
diflolve  the  metalline  part;  by  which  means  all 
would  be  confounded  together,  and  no  Regulus,  or 
very  littie,  be  precipitated.  On  this  occafion  there¬ 
fore  nothing  muff  be  added  to  promote  the  fufion, 
but  fome  tender  fufile  glafs,  together  with  a  fm^ll 
quantity  of  borax. 

This  jfirft  fufion  may  alfo  be  performed  amidf 
the  coals,  by  calling  the  ore  upon  them  in  the  fur 
nace,  without  ufing  a  crucible  ;  and  then  an  earthei 
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veffel,  thoroughly  heated,  or  even  made  red-hot* 
muft  be  placed  under  the  grate  of  the  fire  place* 
to  receive  the  metal  as  it  runs  from  the  ore. 

The  Regulus  obtained  by  this  means  is  much 
more  impure  and  brittle  than  Black  Copper,  becaufe 
it  contains  moreover  a  large  quantity  of  Sulphur 
and  Arfenic  -,  as  thefe  volatile  fubftances  have  not 
time  to  evaporate  during  the  fhort  fpace  requisite  to 
melt  the  ore,  and  as  they  cannot  be  carried  off  by 
the  adrion  of  the  fire  after  the  ore  is  once  melted, 
whatever  time  be  allowed  for  that  purpofe.  How¬ 
ever  fome  part  thereof  is  diffipated,  and  the  Iron 
which  is  in  pyritofe  ores,  having  a  much  greater 
affinity  than  Copper,  and  indeed  than  any  other 
metallic  fubftance,  with  Sulphur  and  Arfenic,  ab- 
forbs  another  part  thereof,  and  feparates  it  from  the 
Regulus. 

This  Regulus,  it  is  plain,  Hill  contains  all  the 
fame  parts  that  were  in  the  ore,  but  in  different  pro¬ 
portions  ;  there  being  more  Copper,  combined  with 
lefs  Sulphur,  Arfenic,  and  unmetallic  earth,  which 
have  been  either  diffipated  or  turned  to  flag.  There¬ 
fore  if  you  would  make  it  like  Black  Copper,  you 
muft  pound  it,  roaft  it  over  and  over,  to  free  it 
from  its  Sulphur  and  Arfenic,  and  then  melt  it  with 
the  black  flux. 

If  this  Regulus  contain  much  Iron,  it  will  be  ad- 
vifeable  to  melt  it  once  or  twice  more,  before  all 
the  Sulphur  and  Arfenic  are  feparated  from  it  by 
roafting  -,  for  as  the  Iron,  by  uniting  with  thefe  vola¬ 
tile  fubftances,  feparates  them  from  the  Copper,  with 
which  they  have  not  fo  great  an  affinity  ;  fo  alfo 
the  Sulphur  and  Arfenic,  by  uniting  with  the  Iron, 
help  in  their  turn  to  feparate  it  from  the  Copper. 


PRO- 
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PROCESS  II. 

To  purify  Black  Copper ,  and  render  it  malleable* 

BREAK  into  fmall  bits  the  Black  Copper  you 
intend  to  purity  ;  mix  therewith  a  third  pare 
in  weight  of  granulated  Lead,  and  put  the  whole 
into  a  cupel  fet  under  the  muffle  in  a  cupelling  fur¬ 
nace,  and  previoudy  heated  quite  red.  As  foon  as 
the  metals  are  in  the  cupel  raife  the  fire  confiderably, 
making  ufe,  if  it  be  needful,  of  a  pair  of  perpetual 
bellows,  to  melt  the  Copper  fpeedily.  When  it  is 
thoroughly  melted  lower  the  fire  a  little,  and  con¬ 
tinue  it  juft  high  enough  to  keep  the  metalline  mafs 
in  perfed  fufion.  The  melted  matter  will  then  boil, 
and  throw  up  fome  fccriœ ,  which  will  be  abforbed 
by  the  cupel. 

When  moil  of  the  Lead  is  confumed,  raife  the 
fire  again  till  the  face  of  the  Copper  become  bright 
and  fhining,  thereby  fhewing  that  all  its  alloy  is 
feparated.  As  foon  as  your  Copper  comes  to  this 
Bate,  cover  it  with  charcoal- du  ft  conveyed  into 
the  cupel  with  an  iron  ladle  :  then  take  the  cupel 
out  of  the  furnace  and  let  it  cool. 

OB  S  ER  V  AT  10  NS. 

Of  all  the  metals,  next  to  Gold  and  Silver,  Cop¬ 
per  bears  fufion  the  longeft  without  loftng  its  phlo* 
gifton  -,  and  on  this  property  is  founded  the  procefs: 
here  delivered  for  purifying  it. 

It  is  neceffary  the  Copper  fhould  melt  as  foon  as 
it  is  in  the  cupel,  becaufe  its  nature  is  to  calcine 
much  more  eafily  and  much  fooner,  when  it  is  only 
red-hot,  than  when  it  is  in  fufion.  For  this  reafon 
the  fire  is  to  be  confiderably  rai fed,  immediately  on 
putting  the  Copper  under  the  muffle,  that  it  may  melt 
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as  icon  as  poffible.  Yet  too  violent  a  degree  of  fre 
muft  not  be  applied  to  it  ;  for  when  it  is  expofed  to 
fuch  a  degree  of  heat  only  as  is  but  juft  neceffary 
to  keep  it  in  fufion,  it  is  then  in  the  moil  favourable 
condition  for  lofing  as  little  as  may  be  of  its  phlo- 
gifton  ;  and  if  the  heat  be  ftronger,  a  greater  quan¬ 
tity  thereof  will  be  calcined.  As  foon  therefore  as 
it  flows  it  is  proper  to  weaken  the  fire,  and  reduce 
it  to  the  degree  juft  requifite  to  keep  up  the  fufion. 

The  Lead  added  on  this  occafion  is  intended  to 
facilitate  and  expedite  the  fcoriftcation  of  the  metal¬ 
lic  fubftances  combined  with  the  Copper.  So  that 
the  event  is  here  nearly  the  fame  as  when  Gold  or 
Silver  is  refined  on  the  cupel.  The  only  difference 
between  this  refining  of  Copper,  and  that  of  the 
perfect  metals,  is  that  the  latter,  as  hath  been  fhewn, 
abfolutely  refift  the  force  of  fire  and  the  adlion  of 
Lead,  without  buffering  the  leaft  alteration  -,  where¬ 
as  a  good  deal  of  Copper  is  calcined  and  deftroyed, 
when  it  is  purified  in  this  manner  on  the  cupel.  In¬ 
deed  it  would  be  wholly  deftroyed,  if  a  greater 
quantity  of  Lead  were  added,  or  if  it  were  left  too 
long  in  the  furnace.  It  is  with  a  view  to  fave  as 
much  of  it  as  poffible  that  we  order  it  to  be  covered 
with  charcoal- duft  as  foon  as  the  fcorification  is  fi¬ 
ll  ifhed. 

The  Lead  ferves  moreover  to  free  the  Copper  ex  • , 
peditioufly  from  the  Iron  with  which  it  may  be  al¬ 
loyed.  Iron  and  Lead  are  incapable  of  con  cradling 
any  union  together  :  fo  that  as  fail  as  the  Lead  unites 
with  the  Copper,  it  feparates  the  Iron,  and  excludes 
it  out  of  the  mixture.  For  the  fame  reafon  if  Iron 
were  combined  in  a  large  proportion  with  Copper, 
it  would  prevent  the  Lead  from  entering  into  the 
compofition.  Now,  as  it  is  neceffary  to  give  the 
more  heat,  and  to  keep  the  Copper  to  be  incorpo¬ 
rated  with  Lead  the  longer  in  fufion,  as  that  Cop¬ 
per  is  alloyed  with  a  greater  proportion  of  iron, 

fome 
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fome  black  flux  rnuft  be  added  on  this  occafion,  to 
prevent  the  Copper  and  the  Lead  from  being  cal¬ 
cined  before  their  aflociation  can  be  effected. 

Copper  purified  in  the  manner  here  direded  is 
beautiful  and  malleable.  It  is  now  alloyed  with  no 
other  metalline  fubftance  but  Gold  or  Silver,  if 
there  were  any  in  the  mixed  mafs.  If  you  defire  to 
extradt  this  Gold  or  Silver,  recourfe  muft  be  had 
to  the  operation  of  the  cupel.  The  procefs  here 
given  for  purifying  Copper  is  not  ufed  in  large  works, 
becaufe  it  would  be  much  too  chargeable.  In  order 
to  purify  their  Black  Copper,  and  render  it  mallea¬ 
ble,  the  fmelters  content  themfelves  with  roafting  it* 
and  melting  it  repeatedly,  that  the  metallic  fub- 
Itances  which  are  not  fo  fixed  as  copper  may  be 
difllpated  by  fublimation,  and  the  reft  fcorified  by 
fufion. 


PROCESS  III. 

To  deprive  Copper  of  its  Phlogifton  by  calcination. 

PU T  your  Copper  in  filings  into  a  teft,  and 
fet  it  under  the  muffle  of  a  cupelling  furnace  -, 
light  the  fire,  and  keep  up  fuch  a  degree  of  heat  as 
may  make  the  whole  quite  red,  but  not  enough  to  melt 
the  Copper.  The  furface  of  the  Copper  will  gradually 
lofe  its  metalline  fplendour*  and  put  on  the  appear¬ 
ance  of  a  reddifh  earth.  From  time  to  time  ftir  the 
filings  with  a  little  rod  of  copper  or  iron,  and  leave 
your  metal  expofed  to  the  fame  degree  of  fire  till  it 
be  entirely  calcined. 


O  B  S  E  RV  AT  ÏO  NS. 

I  ft  OUr  obferVations  on  the  preceding  procefs  we 
took  notice  that  Copper,  in  fufion,  calcines  more  (low¬ 
ly,  and  lels  eafily,  than  when  it  is  expofed  to  a  degree 
of  fire  barely  fufficient  to  keep  it  red-hot,  without 
Vol,  L  A  a  melting 
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melting  it  ;  and  therefore,  the  defign  here  being  to 
calcine  it,  we  have  directed  that  degree  of  heat  only 
to  be  applied. 

The  cupelling  furnace  is  the  fitted  for  this  opera¬ 
tion,  becaufe  the  muffle  is  capable  of  receiving  fuch 
a  flat  veffel  as  ought  to  be  ufed  on  this  occafion, 
and  communicating  to  it  a  great  deal  of  heat  ;  while, 
at  the  fame  time,  it  prevents  the  falling  in  of  any 
coals,  which,  by  furniftiing  the  Copper  with  frefh 
phlogifton,  would  greatly  prejudice  and  protradt 
the  operation. 

As  Copper  calcines  with  great  difficulty,  this  ope¬ 
ration  is  extremely  tedious  :  nay,  though  Copper 
hath  flood  thus  expofed  to  the  fire  for  feveral  days 
and  nights,  and  feems  perfectly  calcined,  yet  it  fre¬ 
quently  happens  that  .  When  you  try  afterwards  to 
melt  it,  fome  of  it  refumes  the  form  of  Copper  : 
a  proof  that  all  the  Copper  had  not  loft  its  phlo¬ 
gifton.  Copper  is  much  more  expeditioufly  de¬ 
prived  of  its  phlogifton  by  calcining  it  in  a  crucible 
with  Nitre. 

The  calx  of  Copper  perfectly  calcined  is  with 
great  difficulty  brought  to  fufton  :  yet,  in  the  focus 
of  a  large  burning  glafs,  it  melts  and  turns  to  a  red- 
difh  and  almoft  opaque  glafs. 

By  the  procefs  here  delivered  you  may  like- 
wife  calcine  all  other  metalline  fubftances  which 
do  not  melt  till  they  be  thoroughly  red-hot.  As  to 
thofe  which  melt  before  they  grow  red,  they  are  ea- 
ftly  enough  calcined,  even  while  they  are  in  fufton. 
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PROCESS  IV. 

To  refufcitate  the  Calx  of  Copper,  and  reduce  it  to 
Copper ,  by  reftoring  its  Phlogijlon . 

I  X  the  Calx  of  Copper  with  thrice  as  much 
of  the  black  flux  ;  put  the  mixture  into  a 
good  crucible,  fo  as  to  fill  two  thirds  thereof,  and 
over  it  put  a  layer  of  Sea-falt  a  finger  thick.  Cover 
the  crucible,  and  fet  it  in  a  melting  furnace  ;  heat 
it  gradually,  and  keep  it  moderately  red  till  the 
decrepitation  of  the  Sea-falt  be  over.  Then  raife 
the  fire  confiderably  by  means  of  a  good  pair  of  per¬ 
petual  bellows  ;  fatisfy  your  felf  that  the  matter  is  in 
perfed  fufion,  by  dipping  into  the  crucible  an  iron 
wire  ;  continue  the  fire  in  this  degree  for  half  a  quar¬ 
ter  of  an  hour.  When  the  crucible  is  cold,  you  will 
find  at  its  bottom  a  button  of  very  fine  Copper, 
Which  will  eafily  feparate  from  the  faline  fcoria  at  top. 

i  .  <  .. 

OBSERVATION  Si 

What  hath  been  faid  before  on  the  fmelting  of 
Copper  ores  may  be  applied  to  this  procefs,  as  being 
the  very  fame.  The  obfervations  there  added 
flaould  therefore  be  eonfuked  on  this  occafion. 


■*— 


PROCESS  V. 

T o  dijfolve  Copper  in  tbs  Mineral  Acids. 

N  à  fand-bath,  in  a  very  gentle  heat,  fet  a 
matrafs  containing  feme  Copper  filings  ;  pour 
orTthem  twice  their  weight  of  Oil  of  Vitriol.  That 
Acid  will  prefently  attack  the  Copper.  Vapours 
will  rife,  and  iliac  out  of  the  neck  of  the  matrafs. 
A  vaft  number  of  bubbles  will  amend  from  the  fur- 
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face  of  the  metal  to  the  top  of  the  liquor,  and  the 
liquor  will  acquire  a  beautiful  blue  colour.  When 
the  Copper  is  diffolved,  put  in  a  little  and  a  little 
more,  till  you  perceive  the  Acid  no  longer  afts  upon 
it.  Then  decant  the  liquor,  and  let  it  ftand  quiet 
in  a  cool  place.  In  a  fhort  time  great  numbers  of 
beautiful  blue  cryftals  will  ilioot  in  it.  Thefe  crys¬ 
tals  are  called  Vitriol  of  Copper,  or  Blue  Vitriol.  They 
diffolve  eafily  in  Water. 


OBSERVATIONS. 

Thê  Vitriolic  Acid  perfeftly  dififolves  Copper, 
which  is  alfo  foluble  in  all  the  Acids,  and  even  in 
many  other  menftruums. 

This  Acid  may  be  feparated  from  the  Copper 
which  it  hath  diffolved  by  diftillation  only  :  but  the 
operation  requires  a  fire  of  the  utmoft  violence. 
The  Copper  remaining  after  it  muft  be  fufed 
with  the  black  flux,  to  make  it  appear  in  its  natu¬ 
ral  form  ;  not  only  becaufe  it  ftill  retains  a  por¬ 
tion  of  the  Acid,  but  alfo  becaufe  it  hath  loft  part 
of  its  phlogifton  by  being  dilTolved  therein.  The 
black  flux  is  very  well  adapted  both  to  ablbrb  the 
•Acid  that  remains  united  with  the  Copper,  and  to 
reftore  the  phlogifton  which  the  metal  hath  loft. 

The  moft  uiual  method  of  feparating  Copper 
from  the  Vitriolic  Acid  is  by  prefenting  to  that 
Acid  a  metal  with  which  it  hath  a  greater  affinity 
than  with  Copper.  Iron  being  fo  qualified  is  com 
fequently  very  fit  to  bring  about  this  reparation. 
When  therefore  plates  of  Iron  well  cleaned  are  laid 
in  a  folution  of  Blue  Vitriol,  the  Acid  foon  begins 
to  aft  upon  them,  and  by  degrees,  as  it  diftolves 
them,  depofites  on  their  furfaces  a  quantity  of  Cop¬ 
per  in  proportion  to  the  quantity  of  Iron  it  takes 
up.  The  Copper  thus  precipitated  hath  the  appea¬ 
rance  of  (mail  leaves  or  kales,  exceeding  thin,  and 
of  a  beautiful  copper- colour.  Care  muft  be  taken 

to 
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to  fhake  the  Iron-plates  now  and  then,  to  make  the 
Amies -of  Copper  fall  off,  which  will  otherwife  cover 
them  entirely,  hinder  the  vitriolic  Acid  from  at¬ 
tacking  the  Iron,  and  fo  put  a  flop  to  the  precipi¬ 
tation  of  the  remaining  Copper. 

When  thefe  fcales  of  Copper  ceafe  to  fettle  on  the 
dean  Iron  plates,  you  may  be  fure  all  the  Copper 
that  was  in  the  liquor  is  precipitated,  and  that  this 
liquor,  which  was  a  folution  of  Copper  before  the  ' 
precipitation,  is  a  folution  of  Iron  after  it.  .jo  that 
here  two  operations  are  performed  at  one  and  the 
fame  time  -,  to  wit,  the  precipitation  of  the  Copper, 

and  the  diffolution  of  the  Iron. 

The  Copper  thus  precipitated  requires  only  to  be 
feparated  from  the  liquor  by  filtration,  and  melted 
with  a  little  black  flux,  to  become  very  fine  mal¬ 
leable  Copper. 

The  Copper  may  alfo  be  precipitated  out  or  a 
folution  of  Blue  Vitriol  by  the  interpofition  of  a  Fixed 
Alkali.  This  precipitate  is  of  a  greenifh  blue  co¬ 
lour,  and  requires  a  much  greater  quantity  of  the 
black  flux  to  reduce  it. 

Copper  diffolves  in  the  Nitrous  Acid,  in  the  Ma¬ 
rine  Acid,  and  in  Aqua  Regis  -,  from  all  of  which  it 
may  be  feparated  by  the  fame  methods  as  are  here 
ordered  with  regard  to  the  Vitriolic  Acid. 
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CHAP.  IV. 

Of  Iro  n. 


PROCESS  !. 

Tb  feparate  Iron  from  its  Ore. 

POUND  into  a  coarfe  powder  the  martial 
ftones  or  earths  out  of  which  you  defign  to  ex¬ 
tract  the  Iron:  roaft  this  powder  in  a  teft  under  the 
muffle  for  fome  minutes,  and  Jet  your  fire  be  brifk. 
Then  let  it  cool,  beat  it  very  fine,  and  roaft  it  a 
fécond  time,  keeping  it  under  the  muffle  till  it  emit 
no  more  fine!}. 

Then  mix  with  this  powder  a  flux  compofed 
of  three  parts  of  Nitre  fixed,  with  Tartar,  one  part 
of  fufile  glafs,  and  half  a  part  of  Borax  and  char- 
coalrdufL  The  dofe  of  this  reducing  flux  muft  be 
thrice  the  weight  of  the  ore. 

Put  this  mixture  into  a  good  crucible  ;  cover  it 
with  about  half  a  finger  thick  of  Sea- fait  ;  over  the 
crucible  put  its  cover,  and  lute  it  on  with  Windfor- 
loam  made  into  a  pafte  with  water.  Having  thus 
prepared  your  crucible,  fet  it  in  a  melting  furnace, 
which  you  muft  fill  up  with  charcoal.  Light  the 
fire,  and  let  it  kindle  by  gentle  degrees,  till  the 
crucible  become  red-hot.  When  the  decrepitation 
of  the  fea  fait  is  over,  raife  your  fire  to  the  higheft 
by  the  blaft  of  a  pair  of  perpetual  bellows,  or  rather 
lèverai.  Keep  up  this  imenfe  degree  of  heat  for 
three  quarters  of  an  hour,  or  a  whole  hour,  ta¬ 
king  care  that  during  all  this  time  the  furnace  be 

kept 
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kept  conftantly  filling  up  with  freffi  coals  as  the  for¬ 
mer  confume.  Then  take  your  crucible  out  of  the  fur¬ 
nace  ;  ftrike  the  pavement  on  which  you  fet  it  feve- 
rd  times  with  a  hammer,  and  let  it  (land  to  cool  : 
break  it,  and  you  will  find  therein  a  Regulus  of  Iron 
covered  with  {last. 

O  BS  E  R  VAT'J  0  NS. 

Iron  ore,  like  all  others,  requires  roafting,  to  fe- 
parate  from  it,  as  much  aspoflible,  the  volatile  mi¬ 
nerals,  Sulphur  and  Arfenic,  which  being  mixed 
with  the  Iron  would  render  it  unmalleable.  Indeed 
it  is  fo  much  the  more  neceffary  to  roaft  thefe 
ores,  as  Iron  is,  of  all  metallic  fubftances,  that  which 
has  the  greatefl  affinity  with  thofe  volatile  minerals  ; 
on  which  account  no  metallic  fubftance  whatever 
is  capable  of  feparating  it  from  them  by  fufion  and 
precipitation. 

Fixed  Alkalis,  it  is  true,  have  a  greater  affinity 
than  Iron  with  Sulphur  ;  but  then  the  compofition 
which  a  Fixed  Alkali  forms  with  Sulphur  is  capable 
of  diffolving  all  metals.  Confequently,  if  you  do 
not  diffipate  the  Sulphur  by  roafting,  but  attempt 
to  feparate  it  from  the  Iron  by  melting  the  ore  with 
a  Fixed  Alkali,  the  Liver  of  Sulphur  formed  in  the 
operation  will  diffolve  the  martial  part  ;  fo  that  af¬ 
ter  the  fufion  you  will  find  little  or  no  Regulus. 

All  Iron  ores  in  general  are  refractory,  and  lefs  fu- 
fible  than  any  other;  for  which  reafon  a  much 
greater  proportion  of  flux,  and  a  much  more  violent 
degree  of  fire,  is  required  to  fmelt  them.  One  prin¬ 
cipal  caufe  why  thefe  ores  are  fo  refractory  is  the 
property  which  Iron  itfelf  has  of  being  extremely 
difficult  to  fuie,  and  of  refilling  the  action  of  the 
fire  fo  much  the  more  as  it  is  purer,  and  further 
removed  from  its  mineral  Hate.  Among  all  the 
metallic  fubftances  it  is  the  only  one  that  is 
lefs  fufible  when  combined  with  that  portion  of 
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phlogifton  which  gives  it  the  metalline  form,  than 
when  it  is  deprived  thereof,  and  in  the  form  of  a 
calx. 

In  fmelting  houfes  Iron  ore  is  fufed  amidft  char¬ 
coal^  the  phlogifton  of  which  combines  with  the 
martial  earth,  and  gives  it  the  metalline  form. 
The  Iron  thus  melted  runs  down  to  the  bottom  of 
the  furnace,  from  whence  it  is  let  out  into  large 
moulds,  in  which  it  takes  the  lhape  of  oblong  blocks, 
called  Pigs  of  Iron.  !  his  Iron  is  ftill  very  impure, 
and  quite  unmalleable.  Its  want  of  duétility 
after  the  firft  melting  arifes  partly  from  hence, 
that,  notwithftanding  the  previous  roafting  which 
the  ore  underwent,  there  ftill  remains,  after  this  firft 
fufion,  a  considerable  quantity  of  Sulphur  or  Arfenic 
combined  with  the  metal. 

^  A  certain  quantity  of  quick-lime,  or  of  ftones  that 
will  burn  to  lime,  is  frequently  mixed  with  Iron 
ore  on  putting  it  into  the  fmelting  furnace.  The 
lime  being  an  abhor  bent  earth,  very  apt  to  unite 
with  Sulphur  and  Arfenic,  is  of  ufe  to  feparate  thofe 
minerals  from  the  Iron. 

It  is  alfo  of  ufe  to  mix  fome  fuch  matters  with 
the  ore,  when  the  ftones  or  earths  which  naturally 
accompany  it  are  very  fufible  ;  for,  as  the  Iron  is 
oi  difficult  fufion,  it  may  happen  that  the  earthy 
matters  mixed  with  the  Iron  fhall  melt  as  eafily  as 
the  metal,  or  perhaps  more  eafily.  In  fuch  a  cafe 
there  is  no  reparation  of  the  earthy  from  the  metal¬ 
line  part,  both  of  which  melt  and  precipitate  toge¬ 
ther  promifcuoufly  :  now  quick-lime,  being  extreme¬ 
ly  refractory,  ferves  on  this  oecafion  to  check  the 
melting  of  thofe  matters  which  are  too  fufible. 

Yet  quick-lime,  notwithftanding  its  refractory 
quality,  may  fometimes  be  of  ufe  as  a  flux  for  Iron  : 
this  is  the  cafe  when  the  ore  happens  to  be  combined 
with  fubftanccs  which,  being  united  with  lime,  ren¬ 
der  it  fufitje  :  fuch  are  all  arfenical  matters,  and  even 
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forne  earthy  matters,  which  being  combined  with 
quick-lime  make  a  fufible  compound. 

When  the  ore  of  an  Iron  mine  is  found  difficult 
to  reduce,  it  is  ufually  negle&ed  even  though  it  be 
rich  -,  becaufe  Iron  being  very  common,  people  chufe 
to  work  thofe  mines  only  whofe  ores  are  fmelted 
with  the  mofl  eafe,  and  require  the  lead:  confump- 
tion  of  wood. 

Yet  refradtory  ores  are  not  to  be  altogether  re¬ 
medied,  when  another  Iron  ore  of  a  different  quality 
is  found  near  them.  For  it  often  happens  that  two 
feveral  Iron  ores,  which  being  worked  feparately 
are  very  difficult  to  manage,  and  yield  at  laft  but 
bad  Iron,  become  very  tradable,  and  yield  excellent 
Iron,  when  fmelted  together  :  and  accordingly  fuch 
mixtures  are  often  made  at  Iron-works. 

The  Iron  obtained  from  ores  by  the  firft  fu- 
fion  may  be  divided  into  two  forts.  The  one, 
when  cold,  refills  the  hammer,  doth  not  eafily 
break,  and  is  in  fome  meafure  extenfible  on  the 
anvil  ;  but  if  {truck  with  a  hammer  when  red- 
hot  hies  into  many  pieces  :  this  fort  of  Iron  hath  al¬ 
ways  a  mixture  of  Sulphur  in  it.  The  other  fort, 
on  the  contrary,  is  brittle  when  cold,  but  fomewhat 
dudlile  when  red-hot.  This  iron  is  not  fulphurated, 
is  naturally  of  a  good  quality,  and  its  brittlenefs 
arifes  from  its  metalline  parts  not  being  fufficiently 
compacted  together. 

Iron  abounds  fo  much,  and  is  fo  univerfally  dif- 
fufed  through  the  earth,  that  it  is  difficult  to  find 
a  body  in  which  there  is  none  at  all  :  and  this  hath 
led  feveral  Chymifls,  even  men  of  great  fame, 
into  the  error  of  thinking  that  they  had  tranfmuted 
into  Iron  feveral  forts  of  earths  in  which  they  fuf- 
pedled  no  Iron,  by  combining  them  with  an  inflam¬ 
mable  matter;  whereas,  in  fad,  all  they  did  v/as  to 
give  the  metalline  form  to  a  true  martial  earth  which 
happened  to  be  mixed  with  other  earths. 
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PROCESS  II. 

¥0  render  Pig-iron  and  brittle  Iron  malleable. 

INTO  an  earthen  veiïel  widening  upwards  put 
fome  charcoal*  dud,  and  thereon  lay  the  Pig- 
iron  which  you  propofe  to  render  dudile  ;  cover  it 
all  ever  with  a  quantity  of  charcoal  ;  excite  the  fire 
violently  with  a  pair,  or  more,  of  perpetual  bellows 
till  the  iron  melt.  If  it  do  not  readily  flow  and 
form  a  great  deal  of  flag  on  its  furl  ace,  add  fome  flux, 
fuch  as  a  very  fufible  fand. 

When  the  matter  is  in  fufion  keepffirring  it  from 
time  to  time,  that  all  the  parts  thereof  may  be  equal¬ 
ly  a<ded  on  by  the  air  and  the  fire.  On  the  furface 
of  the  melted  Iron  feoriæ  will  be  formed,  which  mull 
be  taken  off  as  they  appear.  At  the  fame  time  you 
will  fee  a  great  many  fparkles  darted  up  from  the  fur- 
face  of  the  metal,  which  will  form  a  fort  of  fiery 
fhower.  By  degrees,  as  the  Iron  grows  purer,  the  num¬ 
ber  of  thefe  fparkles  diminiflies,  though  they  never 
vaniili  entirely.  W hen  but  few  fparkles  appear, 
remove  the  coals  which  cover  the  Iron,  and  let  the 
flag  run  out  of  the  veffel  ;  whereupon  the  metal 
will  grow  folid  in  a  moment.  Take  it  out  while  it 
is  dill  red-  hot,  and  give  it  a  few  flrokes  with  a  ham¬ 
mer,  to  try  if  it  be  dudile.  If  it  be  not  yet  malle¬ 
able,  repeat  the  operation  a  fécond  time,  in  the  fame 
manner  as  before.  Lafrly,  when  it  is  thus  diffid¬ 
ently  purified  by  the  fire,  work  it  for  a  long  time 
on  the  anvil,  extending  it  different  ways,  and  mak¬ 
ing  it  red-hot  as  often  as  there  is  occafion.  Iron 
thus  brought  to  the  necelfary  degree  of  dudility,  fo 
as  to  yield  to  the  hammer,  and  differ  itfelf  to  be 
extended  every  way,  either  hot  or  cold,  without 
breaking  to  bits,  or  even  cracking  in  the  lead,  is 
very  good  and  very  pure.  If  it  cannot  be  brought 
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to  this  degree  by  the  method  here  prefcribed,  it 
is  a  proof  that  the  ore  from  which  this  iron  was 
extradted  ought  to  be  mixed  with  other  ores  ;  but  it 
frequently  requires  a  great  number  of  trials  to  ob¬ 
tain  an  exadt  knowledge  of  the  quality  and  pro¬ 
portion  of  thofe  other  ores  with  which  it  is  to  be 
mixed. 

OBSERVATIONS. 

The  brittlenefs  and  fhortnefs  of  Pig-iron  arifes 
from  the  heterogeneous  parts  which  it  contains,  and 
which  could  not  be  feparated  from  it  by  the  firft  fu- 
fion.  Thefe  extraneous  matters  are  ufually  Sulphur, 
Arfenic,  an  unmetallic  earth,  and  alio  a  ferruginous 
earth  -,  but  fuch  as  could  not  be  combined  with  the 
phlogifton  as  it  ought  to  be,  in  order  to  have  the 
properties  of  a  metal,  and  muff  therefore  be  confi- 
dered  as  heterogeneous  with  refpedt  to  the  other 
well  conditioned  martial  particles. 

The  Pig-iron,  by  undergoing  repeated  fu fions,  is 
freed  from  thefe  heterogeneous  matters  ;  thofe  which 
are  volatile,  fuch  as  Sulphur  and  Arfenic,  being  dif- 
fipated,  and  the  unmetallic  matters  being  fcorified. 
As  to  the  ferruginous  earth  which  did  not  at  firft  ac¬ 
quire  the  metalline  form,  it  becomes  true  Iron  at  laft 
becaufe,  among  the  coals  with  which  it  is  encom- 
paftèd,  it  meets  with  a  fufficient  quantity  of  phlo¬ 
gifton  to  reduce  it  to  metal.  Charcoal  is  alfo  ne- 
cefiary  on  this  occafion,  that  it  may  continually  fur- 
nifti  phlogifton  to  the  Iron,  which  would  otherways 
be  converted  into  a  calx. 

Hammering  the  red-hot  Iron,  after  each  fu- 
fion,  ferves  to  force  out  from  amongft  the  martial 
parts  fuch  earthy  matters  as  may  happen  to  remain 
there,  and  fo  to  bring  into  clofer  contadl  the  me¬ 
talline  parts  which  were  feparated  before  by  the  in¬ 
terpolation  of  thofe  heterogeneous  matters. 
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PROCESS  III. 

lo  convert  Iron  into  Steel. 

A  K  E  fmall  bars  of  the  beft  Iron  ;  that  is2 


of  fuch  as  is  malleable  both  hot  and  cold  ; 


fet  them  on  their  ends  in  a  cylindrical  earthen  vef- 
fel,  whofe  depth  is  equal  to  the  length  of  the  bars, 
and  in  fuch  a  manner  that  they  may  be  an  inch  di- 
fiant  from  each  other,  and  from  the  fides  of  the  cru¬ 
cible.  Fill  the  velfel  with  a  cement  compounded  of 
two  parts  of  charcoal,  one  part  of  bones  burnt  in 
a  clofe  veffel  till  they  become  very  black,  and  one 
half  part  of  the  allies  of  green  wood  ;  having  firft 
pulverized  and  thoroughly  mixed  the  whole  together. 
Take  care  to  lift  up  the  Iron  bars  a  little,  to  the  end 
that  the  cement  may  cover  the  bottom  of  the  veffel, 
and  fo  that  there  be  about  the  depth  of  half  an  inch 
thereof  under  every  bar  :  cover  the  crucible  and 
lute  on  the  cover. 

Set  the  crucible  thus  prepared  in  a  furnace,  fo 
contrived  that  the  crucible  may  be  furrounded  with 
coals  from  top  to  bottom  :  for  eight  or  ten  hours 
keep  up  fuch  a  degree  of  fire  that,  the  veffel  may  be 
moderately  red  ;  after  this  take  it  out  of  the  fur¬ 
nace  ;  plunge  your  little  Iron  bars  into  cold  water, 
and  you  will  find  them  converted  into  Steel. 


OBSERVAI  IONS. 


The  principal  difference  between  Iron  and  Steel 
confifts  in  this,  that  the  latter  is  combined  with  a 
greater  quantity  of  phlogifton  than  the  former. 

It  appears  by  this  experiment  that,  to  make 
Iron  unite  with  an  inflammable  matter,  it  is  not  ne- 
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ceffary  it  (hould  be  in  fufion  ;  it  is  fufficient  that 
it  be  fo  red-hot  as  to  be  opened  and  foftened  by 
the  fire. 

Every  kind  of  charcoal  is  fit  to  be  an  ingredi¬ 
ent  in  the  compofition  of  the  cement  employed  to 
make  Steel,  provided  it  contain  no  vitriolic  Add. 
However,  it  hath  been  obferved  that  animal  coals 
produce  a  fpeedier  effedt  than  others  :  for  which  rea- 
fon  it  is  proper  to  mix  fomething  of  that  kind  with 
charcoal- dull,  as  above  diredled. 

The  following  figns  fhew  that  the  operation 
hath  fucceeded,  and  that  the  Iron  is  changed  into 
good  Steel. 

This  metal  being  quenched  in  cold  water  as  pro- 
pofed  above,  acquires  fuch  an  extraordinary  degree 
of  hardnefs,  that  it  will  by  no  means  yield  to  any 
impreffion  of  the  file  or  hammer,  and  will  looner  break 
in  pieces  than  ftretch  upon  the  anvil.  And  here 
it  is  proper  to  obferve,  that  the  hardnefs  of  Steel 
varies  with  the  manner  in  which  it  is  quenched.  The 
general  rule  is,  that  the  hotter  the  Steel  is  when 
quenched,  and  the  colder  the  water  is  in  which  you 
quench  it,  the  harder  it  becomes.  It  may  be  de¬ 
prived  of  the  temper  thus  acquired,  by  making  it 
red-hot,  and  letting  it  cool  (lowly  ;  for  it  is  thereby 
foftened,  rendered  malleable,  and  the  file  will  bite 
upon  it.  For  this  realon  the  artifans  who  work  in 
Steel  begin  with  untempering  it,  that  they  may  with 
more  eafe  fhape  it  into  the  tool  they  intend  to  make. 
They  afterwards  new-temper  the  tool  when  finifhed, 
and  by  this  fécond  temper  the  Steel  recovers  the 
fame  degree  of  hardnefs  it  had  acquired  by  the  firft 
temper. 

The  colour  of  Steel  is  not  fo  white  as  that  of  Iron- 

f 

but  darker,  and  the  grains,  facets,  or  fibres,  which 
appear  on  breaking  it,  are  finer  than  thole  obferved 
ia  iron. 
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If  the  bars  of  Iron  thus  cemented  in  order  to 
convert  them  into  Steel  be  too  thick,  or  not  kept 
long  enough  in  cementation,  they  will  not  be  turned 
into  Steel  throughout  their  whole  thicknefs  :  their 
furfaces  only  will  be  Steel  to  a  certain  depth,  and 
the  center  will  be  mere  Iron  ;  becaufe  the  Phlo¬ 
giflon  will  not  have  thoroughly  penetrated  them. 
On  breaking  a  bar  of  this  fort,  the  difference  in  co¬ 
lour  and  grain  between  the  Steel  and  the  Iron  is 
very  vifible. 

It  is  eafy  to  deprive  Steel  of  the  fuperabundant 
quantity  of  Phlogiflon  which  conflitutes  it  Steel,  and 
thereby  reduce  it  to  Iron.  For  this  purpofe  it  need 
only  be  kept  red-hot  fome  time,  obferving  that  no 
matter  approach  it  all  the  while  that  is  capable  of 
refunding  to  it  the  Phlogiflon  which  the  fire  carries 
off.  The  fame  end  is  flill  fooner  obtained  by  ce¬ 
menting  it  with  meagre  hungry  matters,  capable  of 
abforbing  the  Phlogiflon  ;  fuch  as  bones  calcined  to 
whitenefs,  and  cretaceous  earths. 

Steel  may  alfo  be  made  by  fufion  ;  or  Pig-iron 
may  be  converted  into  Steel.  For  this  purpofe  the 
fame  method  mufl  be  employed  as  was  above  directed 
for  reducing  Pig-iron  into  malleable  Iron  ;  with  this 
difference,  that,  as  Steel  requires  more  Phlogiflon 
than  is  neceffary  to  Iron,  all  the  means  mufl  be  made 
life  of  that  are  capable  of  introducing  into  the  Iron  a 
great  deal  of  Phlogiflon  ;  fuch  as  melting  biit  a  fmall 
quantity  of  Iron  at  a  time,  and  keeping  it  conflantly 
encotnpailed  with  abundance  of  charcoal  •,  re-iterat¬ 
ing  the  fufloils  ,  taking  care  that  the  blafl  of  the 
bellows  di reeled  along;  the  furface  of  the  metal  do 
not  remove  the  coals  that  cover  it,  &c.  And  here 
it  rnufl  be  obferved,  that  there  are  fome'  forts  of 
Pig  iron  which  it  is  very  difficult  to  convert  into 
Steel  by  this  method,  and  that  there  are  others 
which  fucceed  very  readily,  and  with  fcarce  any  trotn 
ble  at  all.  The  ores  which  yield  the  îaft  mentioned 
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by  this  means  muft  be  tempered  in  the  fame  manner 
as  that  made  by  cementation  *. 


PROCESS  IV. 

*The  Calcination  of  Iron.  Sundry  Saffrons  of  Mars . 

TAKE  filings  of  Iron,  what  quantity  you 
pleafe  ;  put  them  into  a  broad  unglazed  earthen 
veflfel,  fet  under  the  muffle  of  a  cupelling  furnace  : 
make  it  red-hot  ;  ftir  the  filings  frequently  ;  and 
keep  up  the  fame  degree  of  fire  till  the  Iron  be  whol¬ 
ly  turned  into  a  red  powder. 

O  B  S  E  RVJTIO  NS. 

Iron  eafily  lofes  its  phlogifton  by  the  action  of 
fire.  The  calx  that  remains  after  its  calcination  is 
exceeding  red  ;  which  makes  this  be  thought  the  na¬ 
tural  colour  of  the  earth  of  that  metal.  It  hath 
accordingly  been  obferved  that  all  the  earths  and 
Hones,  which  either  are  naturally  red,  or  acquire 
that  colour  by  calcination,  are  ferruginous. 

The  yellowifh  red  colour  which  every  calx  of* 
Iron  hath,  in  whatever  manner  it  be  prepared,  hath 
procured  the  name  of  Crocus  or  Saffron  to  every 
preparation  of  this  kind.  That  made  in  the  man¬ 
ner  above  direbled  is  called  in  Medicine  Crocus  Mar - 
tis  aft r ingens. 

The  ruft  produced  on  the  furface  of  Iron  is  % 
fort  of  calx  of  Iron  made  by  the  way  of  diffolution. 

*  Mr.  Reaumur  hath  obliged  the  publick  with  a  treatife  on. 
the  means  of  converting  Iron  into  Steel,  in  which  he  hath  ex- 
haufted  the  fubject.  Such  as  defire  the  ampleft  and  moft  ufeful 
inftruftions,  on  that  part  of  metallurgy,  would  do  well  to  conlult 
his  Work. 

The 
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The  moifture  of  the  air  acts  upon  the  metal,  diffolves 
it,  and  robs  it  of  fome  of  its  phlogifton.  This  ruft 
is  called  in  Medicine  Crocus  Martis  Aperiens  \  be- 
caufe  it  is  thought  that  the  fa  line  parts,  by  means 
whereof  the  humidity  diffolves  the  Iron,  remain 
united  with  the  metal  after  its  diffolution,  and  give 
it  an  aperitive  virtue.  The  Apothecaries  prepare  this 
fort  of  Saffron  of  Mars  by  expofing  Iron  filings  to 
the  dew  till  they  be  turned  entirely  to  ruff  ^  which  is 
then  called  Saffron  of  Mars  by  dew. 

Another  Saffron  of  Mars  is  alfo  prepared  in  a 
much  fhorter  manner,  by  mixing  filings  of  Iron 
with  pulverized  Sulphur  and  moiftening  the  mixture, 
which  after  fome  time  ferments  and  grows  hot.  It 
is  then  fet  on  the  fire  ;  the  Sulphur  burns  away, 
and  the  mafs  is  kept  ftirring  till  it  become  a  red 
matter.  This  Saffron  is  nothing  but  Iron  diffolved 
by  the  Acid  of  Sulphur,  which  is  known  to  be  of 
the  fame  nature  with  that  of  Vitriol  ;  and  confequent- 
ly  this  Saffron  of  Mars  is  no  way  different  from  Vi¬ 
triol  calcined  to  rednefs. 


PROCESS  V. 

Iron  diffolved  by  the  mineral  Acids. 

PUT  any  mineral  Acid  whatever  into  a  ma^ 
trafs  with  fome  water  ;  fet  the  matrafs  on  a 
fand-bath  gently  heated  ;  drop  into  the  veffel  fome 
filings  of  Iron  :  the  phenomena  which  ufually  ac¬ 
company  metalline  diffolutions  will  immediately  ap¬ 
pear.  Add  more  filings,  till  you  obferve  the  Acid 
hath  loft  all  fenfible  action  upon  them  :  then  remove 
your  matrals  from  the  fand-bath  -,  you  will  find  in  it 
a  foliation  of  Iron. 

OB  S  E  R- 
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OBSERVATIONS.  • 

Iron  is  very  eafily  diffolved  by  all  die  Acids.  If 
you  make  ufe  of  die  Vitriolic  Acid,  care  muft  be 
taken  to  weaken  it  with  water  in  cafe  it  be  concen¬ 
trated  ;  becaufe  the  difiolution  will  lucceed  the  bet¬ 
ter.  The  vapours  that  rife  on  this  occafion  are  in¬ 
flammable  ;  and  if  a  lighted  paper  be  held  to  the . 
mouth  of  the  matrafs,  efpecially  after  keeping  it 
ftopt  for  fome  time  and  fliaking  the  whole  gently, 
the  fulphureous  vapours  take  fire  with  fuch  rapidity 
as  to  produce  a  confiderable  explofion  -,  which  is 
fometimes  ftrong  enough  to  burft  the  veffel  into  a 
thoufand  pieces.  This  folution  hath  a  green  colour, 
and  is  in  fa£t  a  fluid  Green  Vitriol,  which  wants  no¬ 
thing  but  reft  to  make  it  lhoot  into  cryftals. 

If  you  make  ufe  of  the  Nitrous  Acid,  you  muft 
ceafe  adding  more  filings  when  the  liquor,  after 
Handing  Hill  fome  moments,  becomes  turbid  ;  for, 
when  this  Acid  is  impregnated  with  Iron  to  a  cer¬ 
tain  degree,  it  lets  fall  fome  of  that  which  it  had 
diflolved,  and  becomes  capable  of  taking  up  frefli 
filings.  Thus  by  conftantly  adding  new  fupplies  of 
Iron,  this  Acid  may  be  made  to  difiblve  a  much 
greater  quantity  thereof  than  is  neceflary  to  faturate 
it  entirely.  This  folution  is  of  a  rulfet  colour,  and 
doth  not  cryftallize. 

If  the  weather  be  not  extremely  cold,  and  the 
Acids  have  a  proper  degree  of  ftrength,  the  fand~ 
bath  is  unneceffary,  as  the  difiolution  will  fucceed 
very  well  without  it. 

Iron  diffolved  by  Acids  may  be  feparated  there¬ 
from,  like  all  other  metallic  fubftances  in  the  fame 
circumftances,  either  by  the  aétion  of  fire,  which  car¬ 
ries  off  the  Acid  and  leaves  the  Martial  earth,  or 
by  the  interpofition  of  fubftances  which  have  a  greater 
affinity  than  metallic  fubftances  have  with  Acids; 
that  is,  by  Abforbent  Earths  and  Alkaline  Salts.  By 

B  b  what- 
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whatever  means  you  feparate  Iron  from  an  Acid  fof- 
vent,  it  conftantly  appears,  after  the  reparation,  in 
the  form  of  a  yellowifh  red  powder;  becaufe  it  is 
then  deprived  of  moft  of  the  phlogifton  to  which  it 
owed  its  metalline  form  :  whence  it  is  reafonable  to 
think  that  this  is  the  proper  colour  of  Martial  earth. 

All  thefe  precipitates  of  Iron  are  true  Saffrons  of 
Mars,  which,  as  well  as  thofe  prepared  by  calcina¬ 
tion,  are  fo  much  the  further  removed  from  the 
nature  of  a  metal,  the  more  they  are  deprived  of 
their  phlogifton.  Thence  it  comes  that  they  are 
more  or  lei's  foluble  by  Acids,  and  more  or  Ids  at¬ 
tracted  by  the  magnet  :  as  no  ferruginous  earth,  per¬ 
fectly  deprived  of  all  inflammable  matter,  is  at  all 
attracted  by  the  magnet,  or  foluble  by  Acids. 


CHAP.  V. 

Of  Tin. 


PROCESS  I. 

To  extract  Tin  from  its  Ore • 

BREAK  your  Tin  ore  into  a  coarfe  powder, 
and  by  walking  carefully  feparate  from  it  all 
the  heterogeneous  matters  and  ores  of  a  different 
kind  that  may  be  mixed  therewith.  Then  dry  it, 
and  roaft  it  in  a  ftrong  degree  of  fire,  till  no  more 
Arfenical  vapour  rife  from  it.  When  the  ore  is 
roafted,  reduce  it  to  a  fine  powder,  and  mix  it  tho¬ 
roughly  with  twice  its  weight  of  the  black  flux  well 
dried,  a  fourth  part  of  its  weight  of  clean  iron  filings, 
together  with  as  much  borax  and  pitch  :  put  the 
mixture  into  a  crudble  ;  over  all  put  Sea-lalt  to  the 

thick- 
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thicknefs  of  four  fingers,  and  cover  the  crucible 
clofe. 

Set  the  crucible  thus  prepared  in  a  melting  fur¬ 
nace  :  apply  at  Hrffc  a  moderate  and  flow  degree  of 
fire,  till  the  flame  of  the  pitch,  which  will  efcape 
through  the  joint  of  the  cover,  difappear  entirely. 
Then  fuddenly  raife  your  fire,  and  urge  it  with  ra¬ 
pidity  to  the  degree  neceflary  for  melting  the  whole 
mixture.  As  foon  as  the  whole  is  in  fufion  take  the 
crucible  out  of  the  furnace,  and  feparate  the  Regulus 
from  the  fcoria. 

OBSERVATIONS. 

All  Tin  ores  contain  a  confiderable  quantity  of 
Arfenic,  and  no  Sulphur  at  all,  or  at  moft  very  little. 
Hence  it  comes  that,  though  Tin  be  the  lighted:  of 
all  metals,  its  ore  is  neverthelefs  much  heavier  than 
any  other;  Arfenic  being  much  heavier  than  Sulphur, 
of  which  the  ores  of  every  other  kind  always  contain 
a  pretty  large  proportion.  This  ore  is  moreover  very 
hard,  and  is  not  brought  to  a  fine  powder  with  fo 
much  eafe  as  the  reft. 

Thefe  properties  of  Tin  ore  furnifh  us  with  the 
means  of  feparating  it  eafily  by  lotion,  not  only 
from  earthy  and  ftony  parts,  but  even  from  the  other 
ores  which  may  be  mixed  with  it.  And  this  is  of 
the  greater  advantage  on  two  accounts,  viz.  becaufe 
Tin  cannot  endure,  without  the  deftrudtion  of  a  great 
part  thereof,  the  degree  of  fire  neceflary  to  fco- 
rify  the  refractory  matters  which  accompany  its  ore  ; 
and  again  becaufe  this  metal  unites  fo  eafily  with  Iron 
and  Copper,  the  ores  of  which  are  pretty  commonly 
blended  with  Tin  ore,  that  after  the  reduction  it 
would  be  found  adulterated  with  a  mixture  of  thefe 
two  metals,  if  they  were  not  feparated  from  it  be¬ 
fore  the  fufion. 

But  fometimes  the  Iron  ore  confounded  with  that 
of  Tin  is  very  heavy,  and  is  not  eafily  pulverized  5 

B  b  2  whence 
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whence  it  comes  to  pafs  that  it  cannot  be  feparated 
therefrom  by  wafhing  only.  In  that  cafe  the  mag» 
net  muft  be  employed  to  feparate  it,  after  the  ore 
hath  been  roafted. 

Roafting  is  moreover  neceflary  for  Tin  ore,  in 
order  to  diffipate  the  'Arfenic  which  volatilizes,  cal¬ 
cines,  or  deftroÿs  one  part  of  the  Tin,  and  reduces 
the  reft  to  a  ftiort,  brittle  fuHftance,  like  a  Semi- metal. 
The  ore  is  known  to  be  fufnciently  roafted  when  no 
more  fumes  rife  from  it  ;  when  it  has  loft  the  fmell 
of  garlick  j  and  vdien  it  does  not  whiten  a  clean  plate 
of  Iron  held  over  it. 

Tin  being  one  of  thofe  metals  which  are  moft  ea- 
fily  calcined,  it  is  neceffary  in  reducing  its  ore  to 
employ  fuch  matters  as  may  furnifh  it  with  phlogif- 
ton.  In  order  to  defend  it  from  the  contact  of  the 
air,  which  always  accelerates  the  calcination  of  me¬ 
tallic  fubftances,  the  mixture  is  to  be  covered  with  v 
Sea- fait  ;  and  the  addition  of  pitch  helps  to  increafe 
the  quantity  of  phlogifton. 


PROCESS  II. 

The  Calcination  of  Tin. 

N TO  an  unvarnifhed  earthen  difh  put  the  quan¬ 
tity  of  Tin  you  intend  to  calcine  ;  melt  it,  and 
keep  ftirring  it  from  time  to  time.  Its  furface  will 
be  covered  with  a  greyilh  white  powder  :  continue 
the  calcination  till  all  yourTin  be  converted  into  fuch 
a  powder,  which  is  the  Calx  of  Tin. 


OBSERVATIONS . 

Thou  gh  the  calcination  of  metalline  fubftances 
is  promoted  by  expofing  them,  in  powder,  or  in  file- 
ings,  to  the  aflion  of  fire,  and  by  ordering  it  fo  that 
:  they  may  not  melt,  becaufe  they  prelent  a  much 
fmaller  furface  when  melted  than  when  unmelted  ; 


yet 


4 


Practice  of  Chymistry.  373 

yet  we  have  not  direbted  this  precaution  to  be  ufed 
in  calcining  Tin.  The  reafon  is,  this  metal  is  fa 
fufible  that  it  cannot  endure  the  degree  of  fire  requi- 
fite  to  deftroy  its  phlogifton  without  melting  ;  and 
of  courfe,  though  Tin  calcines  eafily,  the  operation 
would  neverthelefs  be  tedious,  becaufe  the  melted 
metal  would  prefent  but  a  fmall  furface  to  be  abled 
on  by  the  fire  and  the  air.  This  inconvenience  may 
be  partly  remedied,  and  the  operation  greatly  expe¬ 
dited,  by  dividing  the  quantity  of  Tin  to  be  calcined 
into  feveral  fmall  parcels,  and  expofing  them  to  the 
fire  in  feparate  veflels,  fo  that  they  may  not  re-unite 
when  melted,  and  form  one  fingle  mafs. 

Leaf  Tin  cafl  on  Nitre  in  ablual  fjfion  caufes  it 
to  deflagrate  and  fulminate  ;  and  from  this  mixture 
there  rifes  a  white  vapour,  which  is  converted  into 
flowers  when  it  meets  with  any  obftacle  to  impede 
its  flying  off  entirely. 

Mr  Geoffroy,  who  went  through  a  courfe  of  ex¬ 
periments  on  Tin,  an  account  whereof  may  be  feen 
in  the  Memoirs  of  the  Academy  of  Sciences,  found 
that  from  the  colour  of  the  calx  of  that  metal  a  judg¬ 
ment  may  be  formed  of  its  degree  of  purity,  and 
nearly  of  the  quantity  and  quality  of  the  metallic 
fubflances  with  which  it  is  alloyed.  The  experi¬ 
ments  tried  on  this  fubjebt  by  that  eminent  Chymifl 
are  very  curious. 

He  performed  the  calcination  in  a  crucible,  which 
he  heated  to  a  cherry-red,  and  kept  up  the  fame  de¬ 
gree  of  fire  from  the  beginning  to  the  end  of  the  o- 
peration.  The  calx  which  formed  upon  his  metal, 
in  that  degree  of  heat,  appeared  like  fmall  white  (bales, 
a  little  reddifh  on  the  under  fide.  He  pufhed  it  to 
one  fide  as  it  formed,  to  the  end  that  it  might  not 
cover  the  furface  of  the  metal,  which,  like  all  o- 
thers,  requires  the  contact  of  the  air  to  turn  it  into 
a  calx. 

B  b  3 
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“  While  he  was  making  thefe  calcinations,  he  had 
sc  an  opportunity  of  obferving  a  curious  fa&,  of 
64  which  no  body  before  him  had  ever  taken  notice  ; 
“  probably  becaufe  no  body  had  ever  calcined  Tin 
44  by  the  fame  method.  The  fad  is,  that  during 
44  the  calcination  of  the  Tin,  whether  you  break  the 
44  pellicle  which  forms  on  the  furface  of  the  metal 
44  while  in  red-hot  fufion,  or  whether  you  let  it  re¬ 
main  without  touching  it,  you  perceive  in  fevera! 
44  places  a  fmall  fwell  of  a  certain  matter  which  burfts 
44  and  makes  its  way  through  the  pellicle.  This 
44  matter  puffs  up,  grows  red,  at  the  fame  inftant 
takes  fire,  and  darts  out.  a  fmall  whitifh  flame, 
44  as  vivid  and  as  brilliant  as  that  of  Zinc  when 
44  urged  by  a  fire  ftrong  enough  to  fublime  it  into 
flowers.  The  vividnefs  of  this  flame  may  be  fur- 
44  ther  compared  to  that  of  fevera!  fmall  grains  of 
44  phofphorus  of  urine  fired  and  gently  dropped  on 
44  boiling  water.  From  this  bright  flame  a  white 
44  vapour  exhales  ;  after  which  the  fwelled  mafs 
44  partly  crumbles  down,  and  turns  to  a  light  white 
44  powder,  fometimes  fpotted  with  red,  according 
44  to  the  force  of  the  fire.  After  this  momentary 
ignition,  there  arife  ftronger,  more  numerous,  or 
more  frequent  heavings  of  matter,  out  of  which 
iffues  a  good  deal  of  white  fume,  that  may  be  in¬ 
tercepted  by  a  cover  of  tin-plate  or  copper  fitted 
to  tne  crucible,  arid  appears  to  be  the  flowers  of 
44  Tin,  which  in  fome  meafure  corrode  thefe  metals. 
44  Hence  Mr.  Geoffroy  conjedlures,  with  a  great  deal 
44  of  probability,  that  their  fublimation  is  promoted 
by  a  portion  of  Arfenic.  When  the  cruft  formed 
44  by  this  calx  comes  to  be  too  thick,  or  in  too  great 
a  quantity,  to  be  pufhed  on  one  fide  fo  as  to  leave 
part  of  the  metal  uncovered,  Mr.  Geoffroy  puts 
44  out  the  fire,  becaufe  no  more  calx  would  be  form- 
the  communication  of  the  external  air  with 
4  the  Tin  in  fufion  being  abfolutely  necefiarv  there- 

'  44  to, 
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«  to,  as  hath  been  already  laid.  In  this  operation 
“  it  is  to  be  obferved  that,  if  the  fire  be  too  How, 
«  neither  the  inflammation  of  the  fulphureous  parti¬ 
ta  des,  nor  the  white  fumes  that  rife,  will  befodif- 
“  tindtly  perceived,  as  when  the  fire  is  of  the  de- 
««  gree  requifite  to  keep  the  crucible  juft  of  a  cher- 
“  ry-red  heat. 

«  Mr.  Geoffroy  having  taken  off  this  firft  calx 
<c  began  the  calcination  anew.  In  this  fécond  heat 
<c  the  buddings  or  heavings  were  more  confiderable, 
and  fhot  up  in  the  form  of  çauli- flowers-,  but  were 
«  ftill  compofed  of  little  fcales.  The  thoroughly  cal- 
«  cined  portion  of  this  vegetation  was  likewife  white 
«  and  red  ;  and  the  inferiour  furfaces  of  fome  little 
bits  thereof  were  wholly  red.  When  thefecalci- 
<c  nations  are  continued,  fulphureous  vapours  rife 
<c  feemingly  of  another  kind  than  thofe  which  ap- 
“  peared  in  the  beginning  ;  for  all  the  calx  made 
<c  by  the  firft  heat  was  perfedtly  white*,  whereas  in 
<c  the  fécond  it  begins  to  be  fpotted  here  and  there 
«  with  a  tinge  of  black.  Mr.  Geoffroy  was  obliged 
“  to  go  through  a  courfe  of  twelve  feveral  calcina¬ 
it  tions  before  he  could  convert  two  ounces  of  Tin 
«  into  a  calx.  He  had  the  opportunity,  during 
<c  thefe  feveral  calcinations,  to  obferve  that  after 
tc  the  fourth,  and  fometimes  after  the  third*  the 
«  red  fpots  of  the  calx  decreafe,  and  the  black 
<c  increafe  *,  that  the  germinations  ceafe  *  that  the 
“  cruft  of  the  calx  remains  flat  ;  that  in  the  twelfth 
“  fire  the  Tin  yields  no  more  of  this  fcaly  cruft  5 
that  towards  the  end  the  undulations  of  the  fufed 
“  metal  appear  no  longer  *  and  that  the  fmall  re- 
“  mainder  of  calx  is  mixed  with  feveral  very  minute 
**  grains  of  metal,  which  feem  much  harder  than 
««  Tin.  Mr.  Geoffroy  could  not  collect  a  fufficient 
“  quantity  thereof  to  cupel  them,  and  fatisfy  him-? 
«  felf  whether  or  no  they  were  Silver,” 
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Though  Tin,  and  all  the  imperfedl  metals  in  ge¬ 
neral,  feern  converted  to  a  calx,  and  lofe  the  me¬ 
talline  form,  by  one  Tingle  calcination,  and  that  a 
flight  one  ;  yet  they  are  not  wholly  deprived  of  their 
phlogifton  :  for  if  the  calx  of  Tin,  for  inftance,  pre¬ 
pared  according  to  the  procefs  above  delivered,  be 
call  upon  Nitre  in  fufion,  it  will  make  that  fait 
deflagrate  very  perceptibly  ;  a  convincing  proof  that 
it  ftill  contains  much  inflammable  matter.  If  there¬ 
fore  a  calx  be  required  abfolutely  free  from  phlogif¬ 
ton,  this  flrft  calx  muft  be  re-calcined  by  a  more 
violent  fire,  and  the  calcination  continued  till  all 
the  phlogiflon  be  diflipated. 

Mr.  Geoffroy,  being  defirous  of  having  his  calx 
of  Tin  very  pure  and  perfectly  calcined,  expofed 
once  more  to  the  adtion  of  fire  the  twelve  portions 
of  calx  obtained  by  his  former  calcinations.  But, 
as  it  would  have  been  too  tedious  to  re- calcine  them 
<c  all  feparately,  he  made  four  parcels  of  the  whole, 
“  each  con fi fling  of  three  taken  according  to  the  or- 
der  in  which  they  were  flrft  calcined  ;  and  gave  to 
*c  each  a  fire  fufliciently  ftrong,  and  long  enough con- 
^  tinned,  to  calcine  them  as  thoroughly  as  was  pof- 
&c  flible.  After  this  fécond  calcination  he  found  them 
all  of  a  moil  beautiful  white,  except  the  flrft  par- 
“  cel  :  as  that  confifted  of  the  portions  obtained  by 
<c  the  three  flrft  heats,  in  all  of  which  there  were  fcales 
“  tinged  with  red,  it  ftill  retained  a  ftain  of  carnation, 
though  hardly  perceptible.  Agreeably  to  the  ge- 
tc  neral  rule,  the  two  ounces  of  Tin  gained  in  weight 
sc  by  being  thus  calcined;  and  the  increafe  was  two 
*.c  drams  and  fifty  feven  grains. 

u  Mr.  Geoffroy  obferves  that  no  Tin,  but  what 
is  abfolutely  pure,  will  yield  a  perfe&Iy  white 
T  calx.  He  calcined  in  this  manner  feveral  other 
parcels  of  Tin  that  were  impure  and  varioufly  ah 
u  loyed  ;  each  of  which  produced  a  calx  differently 
coloured,  according  to  the  nature  and  quantity  of 
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«  its  alloy  :  whence  he  juftlv  concludes  that  calci- 
'  *c  nation  is  a  very  good  method  of  trying  the  fine- 
6C  nefs  of  Tin,  or  its  degree  of  purity.”  The  parti  ¬ 
culars  of  Mr.  Geoffroy’s  experiments  on  this  fubjedl, 
which  are  very  curious,  may  be  feen  in  the  Memoirs 
of  the  Academy  for  1738. 

It  is  proper  to  take  notice  that  a  man  fhould  be 
very  cautious  how  he  expofes  himfelf  to  the  vapour» 
of  Tin,  becaufe  they  are  dangerous  -,  this  metal  be¬ 
ing  very  juftly  fufpetfted  by  Chymifts  of  containing 
fomething  Arfenical. 


PROCESS  III. 

The  diffolution  of  Tin  by  Acids .  The  Smoking  liquor 

of  Libavius. 

PU  T  into  a  glafs  velfel  what  quantity  you  pleafe 
of  fine  Tin  cut  into  little  bits.  Pour  on  it  thrice 
as  much  Aqua  Regis ,  compounded  of  two  parts  Aqua 
Fortis  weakened  with  an  equal  quantity  of  very  pure 
water,  and  one  part  Spirit  of  Salt.  An  ebullition 
will  arile,  and  the  Tin  will  be  very  rapidly  difTolved  5 
efpecially  if  the  quantities  of  metal  and  of  Aqua  Re¬ 
gis  be  confiderable. 

OBSERVATIONS . 

Tin  is  folubleby  all  the  Acids;  but  Aqua  Regis  d\& 
folves  it  beft  of  any.  Yet  in  this  diflblution  it  comes 
to  pafs  that  part  of  the  diffolved  Tin  precipitates  of 
its  own  accord  to  the  bottom  of  the  vefTel,  in  the  form 
of  a  white  powder.  This  folution  of  Tin  is  very 
fit  for  preparing  the  purple-coloured  precipitate  of 
Gold,  For  this  purpofe  the  folution  of  Tin  mu  ft 
be  let  fall,  drop  by  drop,  into  a  folution  of  Gold. 
Spirit  of  Nitre  diffolves  Tin  nearly  as  Aqua  Regis 
does  ;  but  it  oçcafions  a  greater  quantity  of  calx. 

If 
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If  two  or  three  parts  of  Oil  of  Vitriol  be  poured 
on  one  part  of  Tin,  and  if  the  veflel  in  which  the 
mixture  is  made  be  expofed  to  fuch  a  degree  of  heat 
as  to  evaporate  all  the  moifture,  there  will  remain 
a  tenacious  matter  flicking  to  the  fides  of  the  veffel. 
If  water  be  poured  on  this  matter,  and  it  be  then 
expofed  a  fécond  time  to  the  fire,  it  will  difiolve 
entirely,  excepting  a  fmall  portion  of  a  glutinous 
fubftance,  which  alfo  may  be  difiolved  in  frefh  Oil 
of  Vitriol. 

The  Acid  of  Sea-falt  may  be  combined  with  Tin 
by  the  following  procefs.  Mix  perfe&ly,  by  tritu¬ 
ration  in  a  marble  mortar,  an  amalgam  of  two 
ounces  of  fine  Tin,  and  two  ounces  and  a  half  of 
Quick-filver,  with  as  much  Corrofive  Sublimate. 
As  foon  as  the  mixture  is  completed,  put  it  into  a 
glafs  retort,  and  diftill  with  the  fame  precautions 
as  we  diredted  to  be  ufed  in  preparing  concentrat¬ 
ed  and  fmoking  Acids.  There  will  firft  come  over 
into  the  receiver  fome  drops  of  a  limpid  liquor, 
which  will  be  foon  followed  by  an  elaftic  fpirit  that 
will  iffue  out  with  impetuofity.  At  laft  fome  flow¬ 
ers,  and  a  faline  tenacious  matter,  will  rife  into  the 
neck  of  the  retort.  Then  flop  your  diftillation,  and 
pour  into  a  glafs  bottle  the  liquor  you  will  find  in  the 
receiver.  This  liquor  continually  exhales  a  confi- 
derable  quantity  of  denfe,  white  fumes,  as  long  as  it 
is  allowed  to  have  a  free  communication  with  the  air. 

The  product  of  this  diftillation  is  a  combination  of 
the  Acid  of  Sea-falt  with  Tin.  As  the  affinity  of 
Tin  with  this  Acid  is  greater  than  that  of  Mercury, 
the  Acid  contained  in  the  Corrofive  Sublimate  quits 
the  Mercury,  wherewith  it  was  united,  to  join  the 
Tin  ;  which  it  volatilizes  foas  to  make  it  rife  with  it- 
felf  in  a  liquid  form.  We  make  ufe  of  the  amal¬ 
gam  of  Tin  with  Quick- filver,  becaufe  we  are  there¬ 
by  enabled  to  mix  the  Corrofive  Sublimate  perfectly 

there- 
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therewith,  as  the  fuccefs  of  the  operation  requires  it 
fhould  be. 

In  this  experiment  the  Tin  is  volatilized,  and  the 
Acid  of  Sea- fait,  which  is  exceedingly  concentrated, 
flies  off  inceffaqtly  in  the  form  of  white  vapours. 
This  compound  is  known  in  Chymiftry  by  the  name 
of  the  Smoking  Liquor  of  Libavius  ;  a  name  derived 
from  its  quality,  and  from  its  Inventor.  Tin  dif- 
folved  by  Acids  is  eafily  feparated  from  them  by  Al¬ 
kalis.  It  always  precipitates  in  the  form  of  a  white 
calx. 


CHAP.  VI. 

O/Lead. 


PROCESS  I. 

To  extraiï  Lead  from  its  Ore. 

HA V I N  G  roafted  your  Lead  ore  reduce  it  to  a 
fine  powder;  mix  it  with  twice  its  weight  of  the 
black  flux,  and  one  fourth  of  its  weight  of  clean  iron 
filings  and  borax  ;  put  the  whole  into  a  crucible  ca¬ 
pable  of  containing  at  leaft  thrice  as  much  ;  over  all 
put  Sea- fait  four  fingers  thick  ;  cover  the  crucible*. 
Jute  the  juncture  ;  dry  the  whole  with  a  gentle  heat, 
and  fet  it  in  a  melting  furnace. 

Make  the  crucible  moderately  red  :  you  will  hear 
the  Sea- fait  decrepitate,  and  after  the  decrepitation  a 
fmall  hifling  in  the  crucible.  Keep  up  the  fame  de¬ 
gree  of  fire  till  that  be  over. 

Then  throw  in  as  many  coals  as  are  neceffary  to 
complete  the  operation  entirely,  and  raife  the  fire 
fuddenly,  fo  as  to  bring  the  whole  mixture  into  per¬ 
fect  fufion.  Keep  up  this  degree  of  fire  for  a  quar¬ 
ter 
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ter  of  an  hour,  which  is  time  fufficient  for  the  pre¬ 
cipitation  of  the  Regulus. 

When  the  operation  is  finifhed,  which  may  be 
known  by  the  quietnefs  of  the  matter  in  the  cruci¬ 
ble,  and  by  a  bright  vivid  flame  that  will  rife  from 
it,  take  the  crucible  out  of  the  furnace,  and  feparate 
the  Regulus  from  the  fcoria, 

OBSERVATIONS. 

All  Lead  ore  contains  a  good  deal  of  Sulphur, 
which  muft  be  firft  feparated  from  it  by  roafting  : 
and  as  this  kind  of  ore  is  apt  to  fly  when  firft  expof- 
ed  to  the  fire,  it  is  proper  to  keep  it  covered  till  it  be 
thoroughly  heated.  Another  precaution  to  be  ufed, 
in  roafting  this  ore,  is  not  to  give  it  too  great  a  heat, 
but  to  keep  the  veffe!  which  contains  it  juft  mode¬ 
rately  red  ;  becaufe  it  eafily  turns  clammy,  which 
occafions  it  to  flick  to  the  veffel. 

The  Iron  that  is  added,  and  mixed  with  the  flux, 
abforbs  the  Sulphur  which  may  happen  to  remain, 
even  after  roafting  :  it  helps  alfo  to  feparate  from  the 
Lead  fome  portions  of  femi- metal,  efpecialiy  of  An¬ 
timony,  which  are  frequently  mixed  with  this  ore. 

There  is  no  fear  left  the  Iron  mix  with  the  Lead 
in  fufion,  and  adulterate  it:  for  thefe  two  metals  are 
incapable  of  contracting  any  union  together,  when 
each  has  its  pietalline  form. 

Nor  is  there  any  reafon  to  apprehend  left  the  Iron 
Should,  by  its  refra&ory  quality,  obftrudl  the  fufion 
of  the  mixture  ;  for  though  this  metal  be  not  fufible 
when  alone,  yet,  by  the  union  it  contrats  with  the 
matters  it  is  defigned  to  abforb,  it  becomes  fo  to 
fuch  a  degree  as  in  fome  meafure  to  perform,  on  this 
occafion,  the  office  of  a  flux. 

The  government  of  the  fire  is  a  point  of  great 
confequence  in  this  operation.  It  is  necefiary  to  ap¬ 
ply  but  a  moderate  degree  of  heat  at  firft  :  for,  when 
the  metallic  earth  of  the  Lead,  combining  with  the 

phlogifton> 
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phlogifton,  acquires  the  metalline  form,  it  fwells  up 
in  fuch  an  extraordinary  manner,  that  there  is  great 
danger  left  the  matter  fhould  overflow  and  run  all  out 
of  the  containing  veflfel.  With  a  view  therefore  to  a- 
void  this  inconvenience,  we  diredt  a  very  large  cru- 
cible  to  be  ufed.  This  heaving  of  the  Lead  at  the 
inftant  of  its  reduction  is  attended  with  a  noife  like 
the  whiftling  of  wind. 

Notwithftanding  all  the  precautions  that  can  be 
ufed  to  prevent  the  reduction  from  taking  place  too 
haftily,  and  fo  occafloning  the  effufion  of  the  mat¬ 
ter,  it  often  happens  that,  on  raifing  the  fire  in 
order  to  bring  the  mixture  into  fufion,  the  hilling 
fuddenly  begins  again,  and  is  very  loud.  In  that 
cafe  all  the  apertures  of  the  furnace  muft  immedi¬ 
ately  be  finit  clofe,  in  order  to  choak  and  fuffocate 
the  fire:  for,  if  this  be  negledled,  the  matter  in 
the  crucible  will  fwell  up,  make  its  way  through 
the  luting  of  the  junfture,  nay,  pufli  up  the 
cover,  and  run  over.  This  accident  is  to  be  appre¬ 
hended  during  the  firft  five  or  fix  minutes  after  you 
raife  the  fire  in  order  to  melt  the  mixture.  This  ef¬ 
fufion  of  the  matter  is  accompanied  with  a  dull 
flame,  a  thick,  grey  and  yellow  fmoke,  and  a  noife 
like  that  of  fome  boiling  liquor.  When  you  obferve 
thefe  feveral  phenomena  you  may  be  fure  the  mat¬ 
ter  is  run  out  of  the  crucible,  either  in  the  man¬ 
ner  above  defcribed,  or  by  making  its  way  through 
fome  cracks  in  the  veffel,  and  confequently  that  the 
operation  is  fpoiled. 

Moreover,  this  event  infallibly  follows  when¬ 
ever  a  bit  of  coal  happens  to  fall  into  the  crucible  5 
and  this  is  one  reafon  why  it  is  neceflary  to  cover  it. 

You  may  be  certain  that  the  operation  hath  fuc- 
ceeded  if  the  fcoria  is  fmooth  when  cold,  and  hath 
not  in  part  efcaped  through  the  lute  -,  it  the  Lead  be 
not  difperfed  in  globules  through  the  whole  mafs  of 
the  matter  contained  in  the  crucible,  but  is,  on  the 

contrary. 
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contrary,  collected  at  the  bottom  in  the  form  of  a 
folid  Regulus,  not  very  fhining,  but  of  a  blueifti  caft, 
and  duâile.  Moreover  the  fcoria  ought,  in  the 
prefent  cafe,  to  be  hard  and  black,  and  fhould  not 
appear  full  of  holes  like  a  fieve,  except  only  in  that 
part  which  was  contiguous  to  the  Salt. 

Here  it  is  proper  to  obferve  that  the  Sea-falt  doth 
not  mix  with  the  fcoria,  but  floats  upon  it.  Af¬ 
ter  the  operation  it  is  black  ;  which  colour  it  gets, 
no  doubt,  from  the  charred  parts  of  the  flux.  The 
abfence  of  thefe  figns  (hews  the  operation  to  have 
mifcarried.  When  the  ore  to  be  fmelted  is  pyritofe 
and  refradtory,  it  may  be  roafted  at  firft  with  a 
much  ftronger  degree  of  fire  than  is  ufed  for  ores 
that  are  fufible  ;  becaufe  the  martial  earth,  and  the 
unmetallic  earth,  which  are  always  mixed  in  pyri¬ 
tofe  matters,  hinder  it  from  growing  readily  foft  in 
the  fire. 

Befldes,  fuch  an  ore  requires  a  greater  quantity  of 
the  black  flux  and  of  borax  to  be  mixed  with  it,  and 
a  higher  degree  of  fire  to  fufe  it. 

It  is  generally  needlefs  to  mix  iron  filings  with 
this  fort  of  ore;  becaufe  the  martial  earth,  with 
which  pyritofe  matters  are  always  accompanied,  is 
reduced  during  the  operation  by  the  help  of  the  black 
flux,  which  for  that  purpofe  is  mixed  with  it  in  a 
large  proportion,  and  furnifhes  a  quantity  of  iron 
fufficient  to  abforb  the  heterogeneous  minerals  mix¬ 
ed  with  the  Lead. 

Yet,  if  it  fhould  be  obferved  that  the  pyrites 
which  accompany  the  Lead  ore  are  arfenical,  "then, 
as  fuch  pyrites  contain  but  a  fmall  quantity  of  fer¬ 
ruginous  earth,  iron  filings  mult  be  added  ;  which 
are,  on  this  occafion,  fo  much  the  more  neceffary 
for  abforbing  the  Arfenic,  as  this  mineral  remains  in 
part  confounded  with  the  ore,  is  reduced  to  a  Regu¬ 
lus  during  the  operation,  unites  with  the  Lead,  and 

deftroys 
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deftroys  a  great  deal  of  it  by  procuring  its  vitrifica¬ 
tion. 

The  Lead  obtained  from  fuch  pyritofe  ores  is 
commonly  not  very  pure  :  it  is  blackifh  and  fcarce 
dudlile;  qualities  communicated  to  it  by  a  fmall 
mixture  of  Copper  in  the  pyrites,  which  always  con-* 
tain  more  or  lefs  thereof.  We  fhall  afterwards  fhew 
the  method  of  feparating  Lead  from  Copper. 

Lead  ore  may  alfo  be  reduced  by  melting  it  amidft 
coals.  For  that  purpofe  firft  kindle  a  fire  in  the 
furnace  in  which  you  intend  to  melt  your  ore  ;  then 
put  a  layer  of  your  ore  immediately  upon  the  lighted 
coals,  and  cover  it  with  another  layer  of  coals. 

Though  the  melting  furnace  ufed  for  this  opera¬ 
tion  be  capable  of  giving  a  confiderable  heat,  yet  it 
is  neceffary  further  to  encreafe  the  force  of  the  fire 
by  the  means  of  a  good  pair  of  perpetual  bellows, 
which  will  produce  an  effedt  like  that  of  a  forge.  The 
ore  melts,  the  earth  of  the  Lead  unites  with  the  phlo- 
gifton  of  the  coals,  and  fo  is  reduced  to  metal,  which 
runs  through  the  coals,  and  falls  into  an  earthen  vef- 
fel  placed  at  the  bottom  of  the  furnace  to  receive  it. 
Care  muft  be  taken  to  keep  this  veffel  well  filled 
with  charcoal-duft,  to  the  end  that  the  Lead  may  be 
in  no  danger  of  calcination  while  it  continues  there  ; 
the  charcoal-duft  conftantly  furnifhing  it  with  phlo- 
gifton  to  preferve  its  metalline  form. 

The  earthy  and  ftony  matters  that  accompany  the 
ore  are  fcorified  by  this  fufion,  juft  as  they  are  by  the 
other  which  is  performed  in  a  clofe  veffel.  With  re¬ 
gard  to  the  Sulphur  and  Arfenic,  they  are  fuppofed 
to  have  been  firft  accurately  feparated  from  the  ore 
by  roafting.  This  is  the  method  commonly  employ¬ 
ed  for  fmelting  Lead  ore  at  the  work*. 


PRO- 
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PROCESS  II. 

To  feparate  Lead  from  Copper . 


IT  H  luting  earth  and  charcoal-duft  make  £ 


.  %  y  fiat  veffel,  widening  upwards,  and  large 
enough  to  contain  your  metalline  mais.  Set  it  (hel¬ 
ving  downwards  from  the  back  towards  the  fore-part, 
and  in  the  fore^part,  at  the  bottom,  make  a  little 
gutter  communicating  with  another  veffel  of  the  fame 
nature,  placed  near  the  former  and  a  little  lower. 
Let  the  mouth  of  the  gutter  within  fide  the  upper 
veffel  be  narrowed,  by  means  of  a  fmall  iron  plate 
fixed  acrofs  it,  while  the  loam  is  yet  foft  ;  fo  as  to 
leave  a  very  fmall  aperture  in  the  lower  part  of  this 
canal  fufficient  to  difcharge  the  Lead  as  it  melts. 
Dry  the  whole  by  placing  lighted  coals  round  it. 

When  this  apparatus  is  dry,  put  your  mixed  mafs 
of  Copper  and  Lead  into  the  upper  veffel  :  both  in 
that,  and  in  the  other  veffel,  light  a  very  gentle  fire 
of  wood  or  charcoal,  fo  as  not  to  exceed  the  degree 
of  heat  neceffary  to  melt  Lead.  In  fuch  a  degree  of 
heat  the  Lead  contained  in  the  mixed  mafs  will  melt, 
and  you  will  fee  it  run  out  of  the  upper  veffel  into  the 
lower  ;  at  the  bottom  of  which  it  will  finite  into  a 
Regulus.  When  in  this  degree  of  heat  no  more 
Lead  flows,  increafe  the  fire  a  little,  fo  as  to  make 
the  veffel  moderately  red. 

When  no  more  will  run,  colleft  the  Lead  con¬ 
tained  in  the  lower  veffel.  Melt  it  over  again  in  an 
iron  ladle,  with  a  degree  of  fire  fufficient  to  make 
the  ladle  red  ;  throw  into  it  a  little  tallow  or  pitch, 
and  while  it  burns  keep  ftirring  the  metal,  in  order 
to  reduce  any  part  of  it  that  may  be  calcined.  Re¬ 
move  the  pellicle  or  thin  cruft  which  will  form  on  the 
fur  face  ;  fqueeze  out  all  the  Lead  it  contains,  and 
then  put  it  to  the  mafs  of  Copper  left  in  the  upper 


veffel. 
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veiïèl.  Check  the  fire,  and  in  the  fame  manner 
take  off  a  fécond  fkin  that  will  form  on  the  lurface 
of  the  Lead.  Laftly,  when  the  metal  is  ready  to 
fix,  take  off  the  fkin  that  will  then  appear  on  it. 
The  Lead  remaining  after  this  will  be  very  pure, 
and  free  from  all  alloy  of  Copper. 

With  regard  to  the  Copper  itfelf,  you  will  find  it 
in  the  upper  vefifel  covered  with  a  thin  coat  of  Lead  : 
and  if  the  Lead  mixed  with  it  was  in  the  proportion 
of  a  fourth  or  a  fifth  part  only,  and  the  fire  appli¬ 
ed  was  gentle  and  flow,  it  will  retain  nearly  the  fame 
form  after  the  operation  that  the  mixed  mais  had 
before. 


OBSERVATIONS . 

Lead  frequently  remains  mixed  with  Copper 
after  the  reduftion  of  its  ore,  efpecially  if  the  ore  was 
pyritofe.  Though  Copper  be  a  much  more  beautiful 
and  more  du&ile  metal  than  Lead,  yet  the  latter  bv 
being  alloyed  with  the  former  is  rendered  eager  and 
brittle.  This  bad  quality  is  eafily  difcovered  by  the 
eye  on  breaking  it  :  for  the  furface  of  the  broken 
part  appears  all  granulated  ;  whereas  when  it  is  pure 
it  is  more  evenly,  and  refembles  a  congeries  of  folid 
angles.  If  the  Lead  be  alloyed  with  a  confiderablc 
quantity  of  Copper,  its  colour  hath  a  yellowifh  cafh 
Considering  the  bad  qualities  which  Copper  com¬ 
municates  to  Lead,  it  is  necelfary  to  feparate  thefe 
two  metals  from  each  other.  The  method  above 
laid  down  is  the  fimpleft  and  the  beft.  It  is  found¬ 
ed  on  two  properties  belonging  to  Lead  :  the  firft  is 
that  of  being  much  more  fufible  than  Copper  ;  fo 
that  it  will  melt  and  run  in  a  degree  of  heat  that  is 
not  capable  of  making  the  Copper  even  red-hot, 
which  yet  is  very  far  from  being  able  to  melt  it  : 
the  fécond  is,  that  Lead,  though  it  hath  an  affinity 
with  Copper,  and  unites  very  perfedly  therewith, 
yet  is  not  able  to  difiolve  it  without  a  greater  heat 
Vol.  I,  C  c  than 
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than  the  degree  barely  neceffar y  to  fufe  Lead.  Hence 
it  comes  that  Lead  may  be  melted  in  a  Copper  vef¬ 
fel,  provided  no  greater  degree  of  heat  be  applied 
than  that  purpofe  requires.  But  when  the  Lead  be¬ 
comes  fo  hot  as  to  be  red,  fume,  and  boil,  it  in- 
ftantly  begins  to  diffolve  the  Copper.  For  this  rea- 
fon,  it  is  effential  to  the  fuccefs  of  our  operation  that 
a  moderate  degree  of  heat  only  be  applied,  and  no 
greater  than  is  requifite  to  keep  the  Lead  in  fufion. 

Charcoal-dull  is  made  an  ingredient  in  the  com- 
pofition  of  the  veffels  ufed  on  this  occafion,  in  order 
to  prevent  the  calcination  of  the  Lead. 

The  iron  plate,  with  which  the  entrance  of  the 
gutter  within  the  upper  veffel  is  narrowed,  ferves  to 
prevent  the  larger  pieces  of  Copper,  which  the  Lead 
may  carry  along  with  it,  from  palling  through  :  it 
Hops  them,  and  allows  the  Lead  to  run  off  alone. 

But  as  thefe  parcels  of  Copper  may  entirely  choak 
the  paffage,  care  muft  be  taken,  when  any  happen 
to  be  ftopt,  to  remove  them  from  the  entrance  of  the 
gutter,  and  pulh  them  back  into  the  middle  of  the 
veffel.  It  is  alfo  neceflary  to  obferve  whether  or  no 
the  Lead  fixes  any  where  in  the  paffage  ;  and,  if  it 
does,  the  heat  of  that  part  muft  be  encreafed,  in  or¬ 
der  to  melt  it  and  make  it  run  off. 

Notwithftanding  all  the  precautions  that  can  be 
taken  to  hinder  the  melted  Lead  from  carrying  off 
any  Copper  with  it,  it  is  impoffible  to  prevent 
this  inconvenience  entirely  :  and  therefore  the  Lead 
is  melted  over  again,  in  order  to  feparate  the  fmall 
portion  of  Copper  with  which  it  is  Hill  adulterated. 

As  Copper  is  much  lighter  than  Lead,  if  thefe 
two  metals  happen  to  be  fo  blended  together  that 
the  Copper,  without  being  in  fufion  and  diffolved  by 
the  Lead,  is  only  interpofed  between  the  parts  of  the 
melted  Lead,  fo  as  to  fwim  therein,  it  is  then  pre- 
cifely  in  the  cafe  of  a  folid  body  plunged  into  3 
fluid  heavier  than  itlelf,  and  muft  rile  to  the  furface 

like 
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like  wood  thrown  into  water.  It  is  proper  to  burn 
fome  inflammable  matter  on  this  melted  Lead,  in 
order  to  reduce  ftich  parts  thereof  as  are  conftantly 
calcining  on  its  furface  while  it  is  in  fufion  ;  for 
without  this  precaution  they  would  be  taken  off  to¬ 
gether  with  the  Copper. 

The  Copper  remaining  after  this  feparation  is,  as 
we  took  notice  before,  ftill  mixed  with  a  little  Lead. 
If  you  defire  to  feparate  it  entirely  therefrom,  you 
muff  put  it  into  a  cupel,  and  expofe  it  under  the 
muffle  to  fuch  a  degree  of  fire  as  may  convert  all  the 
Lead  into  litharge.  This  cannot  be  fo  done  but  that 
fome  of  the  Copper  alfo  will  be  fcorified  by  the  heat 
of  the  fire,  and  by  the  adion  of  the  Lead  :  but  as 
there  is  a  very  great  difference  between  the  facility 
and  readinefs  with  which  thefe  two  metals  cal¬ 
cine,  the  portion  of  Copper  that  is  calcined,  while 
the  whole  Lead  is  turning  into  litharge,  is  fcarce 
worth  confidering. 

The  Lead,  though  carefully  feparated  from  the 
Copper  by  the  procefs  here  delivered,  is  not  yet  ab- 
folutely  pure  :  fometimes  it  is  alloyed  with  Gold, 
and  almofi:  always  contains  fome  Silver.  If  you 
would  free  the  Lead  as  much  as  poffible  from  any 
mixture  of  thefe  two  metals,  you  muft  convert  it  in¬ 
to  glafs,  feparate  the  remaining  bead,  and  afterwards 
reduce  this  glafs  of  Lead.  But,  as  thefe  two  perfect 
metals  are  of  no  prejudice  to  the  Lead,  it  is  not  ufual 
to  feparate  them  from  it,  unlefs  they  be  in  a  diffid¬ 
ent  proportion  to  defray  the  charge,  and  produce 
fome  profit  befides. 

When  we  examine  by  the  cupel  the  juft  proper-* 
tion  of  Gold  and  Silver  that  an  ore  or  a  mixed  me¬ 
talline  mafs  will  yield,  we  make  a  previous  afifay  of 
the  Lead  to  be  employed  in  the  operation,  and  after¬ 
wards,  in  our  eftimate,  dedud  a  proper  allowance  for* 
the  quantity  of  fine  metal  due  to  the  Lead  made 
ufe  of. 
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PROCESS  III. 

! The  Calcination  of  Lead. 

Tf^AKE  what  quantity  of  Lead  you  pleafe  ; 

Jb  melt  it  in  one  or  more  unglazed  earthen  pans  : 
a  dark  grey  powder  will  be  found  on  its  fuiface. 
Keep  ffirring  the  metal  inceflantly  till  it  be  wholly 
converted  into  fuch  a  powder,  which  is  the  Calx  of 
ILeadi 


O  B  S  ER  VALIO  NS. 

As  Lead  is  a  very  fufible  metal,  and  in  that  re- 
fpedt  greatly  refembles  Tin,  moft  of  the  oblervations 
we  made  on  the  calcination  of  Tin  may  be  applied 
here. 

In  the  calcination  of  all  metals,  and  particularly 
in  this  of  Lead,  there  appears  a  lingular  phenome¬ 
non  which  1$  not  eafily  accounted  for.  It  is  this  :  ' 
though  thefe  matters  lofe  a  great  deal  of  their  fub~ 
fiance,  either  by  the  diffipation  of  their  phlogifton*» 
or  becaufe  feme  of  the  metal,  perhaps,  exhales  in  va¬ 
pours,  yet  when  the  calcination  is  over  their  calxes 
are  found  to  be  encreafed  in  weight,  and  this  increafe 
is  very  confiderable.  An  hundred  pounds  of  Lead, 
tor  example,  converted  into  Minium,  which  is  no¬ 
thing  but  a  calx  of  Lead  brought  to  a  red  colour 
by  continuing  the  calcination,  are  found  to  gain  ten 
pounds  weight  ;  fo  that  for  an  hundred  pounds  of 
Lead  we  have  one  hundred  and  ten  pounds  of  Mi¬ 
nium  :  a  prodigious  and  almolt  incredible  augmen¬ 
tation,  if  it  be  confidered  that,  far  from  adding  any 
thing  to  the  Lead,  we  have  on  the  contrary  diflipat- 
td  part  of  it. 

To  account  for  this  phenomenon  Natural  Philofo- 
pliers  and  Chy mills  have  invented  lèverai  ingenious 
hypothefes,  but  none  of  them  entirely  fatisfa&ory. 

As 
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As  we  have  no  efiablifhed  theory  to  proceed  upon, 
we  Shall  not  undertake  to  explain  this  extraordinary 
fa£t. 


PROCESS  IV. 

T 0  prepare  Glafs  of  Lead. 

TAKE  two  parts  of  Litharge,  and  one  part  of 
pure  cryftalline  Sand  -,  mingle  them  together 
as  exaâly  as  poftible,  adding  a  little  Nitre  and  Sea- 
fait  :  put  this  mixture  into  a  crucible  of  the  moil 
folid  and  molt  compact  earth.  Shut  the  crucible  with 
a  cover  that  may  perfectly  clofe  it. 

Set  the  crucible  thus  prepared  in  a  melting  fur¬ 
nace  j  fill  the  furnace  with  coals  ;  light  the  fire 
gradually,  fo  that  the  whole  may  be  fiowly  heated  : 
then  raife  the  fire  fo  as  to  make  the  crucible  very 
red,  and  bring  the  matter  it  contains  into  fufion  ; 
keep  it  thus  melted  for  a  quarter  of  an  hour. 

Then  take  the  crucible  out  of  the  furnace,  and 
break  it  :  in  the  bottom  thereof  you  will  moft 
commonly  find  a  fmall  button  of  Lead,  and  over  it 
a  transparent-  Glafs,  of  a  yellow  colour  nearly  re- 
fembling  that  of  amber.  Separate  this  Glafs  from 
the  little  button  of  metal,  and  from  the  faline  mat¬ 
ters  which  you  will  find  above  it. 

OBSERVATIONS. 

Pure  Lead,  being  expofed  to  a  ftrong  fire  with¬ 
out  any  additament,  turns  to  Litharge  ;  which  is  a 
fcaly  fort  of  fubftance,  more  or  lefs  yellowifh,  film¬ 
ing,  and  foft  to  the  touch.  This  is  the  firfi:  advance 
to  the  Vitrification  of  Lead.  The  large  refineries  of 
Gold  and  Silver  by  the  means  of  Lead  furnifii  a 
great  quantity  of  this  material.  It  is  Sometimes 
whitifii,  and  is  then  called  Litharge  of  Silver  ;  fome- 

C  c  3  times 
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times  yellow,  and  then  bears  the  name  of  Litharge 
of  Gold.  The  difference  of  its  colour  depends  on 
the  degree  of  fire  it  hath  undergone,  and  on  the 
metalline  fiibftances  vitrified  with  it. 

Litharge  alone  is  very  fufible,  and  being  expofed 
to  the  fire  is  eafily  converted  into  Glafs  :  but  this 
Glafs  ot  Lead,  made  without  additament,  is  fo 
adive,  fo  penetrating,  and  fo  apt  to  fwell,  that  it 
can  fcarcely  be  made  ufe  of  when  pure.  We  are 
obliged  in  fome  fort  to  clog  it,  by  uniting  it  with 
fome  vitrifiable  matter  that  is  not  fo  fubtiie,  fuch 
as  Sand  ;  and  it  is  for  this  reafon,  not  to  render 
the  mixture  more  fufible,  that  we  have  directed  the 
addition  of  one  third  part  of  Sand  to  two  thirds  of 
Litharge. 

The  Nitre  and  Sea- fait,  prefcribed  as  ingredients, 
in  the  mixture,  are  defigned  to  procure  an  equal  fu- 
fion  of  the  -whole.  For,  as  the  Sand  is  lighter  and 
lefs  fufible  than  the  Litharge,  it  will  partly  rife  to¬ 
wards  the  upper  part  of  the  crucible  when  that 
matter  firft  begins  to  flow  *,  in  confequence  whereof 
the  contents  of  the  upper  part  will  be  much  more 
difficult  to  melt,  and  form  a  Glafs  much  more  corn- 
pad  than  that  below  :  but  the  Nitre  and  Sea -fait 
poife fling  the  upper  part  of  the  crucible,  becaufe 
they  are  (fill  lighter  than  the  Sand,  and  being  in 
their  own  nature  very  efficacious  fluxes,  on  account 
of  their  great  fufibility,  they  quickly  bring  about 
the  fufion  of  thofe  particles  of  Sand,  which,  having 
efcaped  the  adion  of  the  Litharge,  may  have  rifen 
unvitrified  to  its  furface. 

The  mo  ft  difficult  thing  to  procure,  and  yet  the 
moft  neceffary  to  the  fuccefs  of  this  operation,  is  a 
crucible  of  earth  fo  firm  and  compact  as  not  to  be 
penetrated  by  the  Glafs  of  Lead,  which  corrodes 
^nd  makes  its  way  through  every  thing. 

The  precaution  of  chufing  a  crucible  that  fhall 
contain  a  good  deal  more  than  the  matter  to  be  vi¬ 
trified 
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trified  is  a  necefiary  one,  becaufe  litharge  and  Glals 
of  Lead  are  very  apt  to  fwell. 

The  rule  to  keep  the  crucible  clofe-fliut  is  alfo 
indilpenfably  necefiary,  to  prevent  any  bit  of  char¬ 
coal,  or  other  inflammable  matter,  from  falling  into 
it  :  for  when  this  happens  it  occasions  a  reduction  of 
the  Lead,  which  is  always  attended  with  a  fort  of 
effervefcence,  and  fuch  a  confiderable  heaving,  that 
commonly  mod  of  the  mixture  runs  over  the  cruci¬ 
ble.  For  the  fame  reafon  it  is  very  proper,  before 
you  expofe  the  mixture  to  the  fire,  to  examine  whe¬ 
ther  or  no  it  contains  any  matter  capable  of  furnifh- 
ing  a  phlogifton  during  the  operation  ;  and  if  it 
does,  to  remove  that  matter  with  great  care. 

The  little  button  of  Lead,  found  at  the  bottom 
of  the  crucible  after  the  operation,  comes  from  a 
fm all  portion  of  Lead  that  is  commonly  left  in  Li¬ 
tharge,  unlefs  you  prepare  it  carefully  yourfelf,  and 
do  not  take  it  from  the  fire  till  you.  are  fare  of  hav¬ 
ing  deftroyed  all  the.  Lead.  Befides,  this  fmall  por¬ 
tion  of  Lead  can  be  of  no  prejudice  to  the  operation, 
becaufe  it  cannot  communicate  its  phlogifion  to  the 
reft  of  the  matter. 

The  revivifying  of  Litharge,  of  the  Calx,  and  of 
the  Glafs  of  Lead,  may  be  obtained  by  the  fame  pro- 
celles  as  the  reduction  of  its  ore. 


PROCESS  V. 

Lead  dijfolved  by  the  Nitrous  Acid. 

PU  T  into  a  matrafs  fome  Aqua  Fortis  precipi¬ 
tated  like  that  ufed  to  diflolve  Silver  ;  weaken 
it  by  mixing  therewith  an  equal  quantity  of  common 
water  ;  fet  the  matrafs  in  a  hot  fand-bath  ;<*hrow  in¬ 
to  it,  little  by  little,  fmall  bits  of  Lead,  till  you  fee 
that  no  more  will  diffolve.  Aqua  Forth  thus  lower¬ 
ed  will  diflolve  about  a  fourth  of  its  weight  of  Lead. 

C  c  4  There 
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J'fiere  !s  gradually  formed  upon  the  Lead,  as  it 
diffoives,  firft  a  grey  powder,  and  afterwards  a 
white  cruft,  which  at  laft  hinder  the  foivent  from 
afting  on  the  remaining  part  of  the  metal }  and 
herefore  the  hquor  Ihould  be  made  to  boil  and 
the  veffel  fhould  be  lhaken  to  remove  thofe  impedi¬ 
ments,  by  which  means  all  the  Lead  will  be  dif- 
solved. 

o  B  S  E  R  V  AT  10  N S. 

Lead  very  much  refembles  Silver,  with  refpeft 
to  the  phenomena  which  attend  its  diffolution  in 
Acids.  For  example,  the  Nitrous  Acid  mu  ft  be 
very  pure  and  uncontaminated  with  the  Vitriolic  or 

tK  Ac,ld’  f  «  for  keeping  the  Lead  in 

foltmon  :  for,  if  it  be  minted  with  either  the  one  or 

toe.  otner  of  thefe  Acids,  the  Lead  will  precipitate 
m  the  form  of  a  white  powder  as  fall  as  it  diflolves  • 
which  is  juft  the  cafe  with  Silver. 

If  the  Vitriolic  Acid  be  mixed  with  the  Nitrous, 
the  precipitate  will  be  a  combination  of  the  Vitriolic 
Acid  with  Lead  ;  that  is,  a  Neutral  Metallic  Salt, 
or  Vitriol  of  Lead.  If  the  Acid  of  Sea-falt  be 

ixed  therewith,  the  precipitate  will  be  a  Plumbum 
corneum  -,  that  is,  a  Metallic  Salt  referable  the 

When  all  the  Lead  is  diffolved  as  above  defcribed 
the  liquor  appears  milky.  If  it  be  kept  warm  over 

r  e  fire  V  Jlttle  clTftaJs  begin  to  appear  on  its  fur- 
tace,  and  afterwards  left  to  Hand  quiet,  in  a  certain 

time  there  will  be  found  at  the  bottom  a  greyilh 
powder,  which  being  tried  on  Gold  is  Memorial 
enough  tq  whiten  it.  Little  globules  of  Quick-fil- 
ver  are  even  difcernible  in  it.  ^  1 

We  owe  this  obfervation,  together  with  this  man- 
!]el,  °*  Proving  the  exigence  of  Mercury  in  Lead 
and  of  pi ocuring  it  from  thence,  to  M.  Greffe,  who 

‘"‘L  5  ~Ivcn  an  acc°tint  of  his  procefs  in  the  Memoirs 


r° 
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of  the  Academy  of  Sciences,  from  whence  we  have 
copied  the  defcription  of  the  operation  in  hand. 

The  folution  being  quickly  poured  off  by  incli¬ 
nation  from  the  grey  mercurial  precipitate  is  ffilj 
milky,  and  depofites  another  white  fediment.  When 
this  fécond  precipitate  falls  the  liquor  becomes  clear 
and  limpid,  and  is  then  of  a  fine  yellow  colour,  like 
a  folution  of  Gold.  On  this  gold-coloured  folu¬ 
tion,  and  on  the  two  precipitates  above-mentioned, 
M.  Groffe  made  feveral  obfervations,  the  chief  of 
which  we  fhall  here  infert. 

The  yellow  liquor  affe&s  the  tongue  at  firft  with 
a  tafte  of  fweetnefs  ;  but  afterwards  vellicates  it  very 
fmartly,  and  leaves  on  it  a  ftrong  fenfation  of  acri¬ 
mony,  which  continues  for  a  long  time. 

Alkalis  precipitate  the  Lead  fufpended  in  this  li¬ 
quor,  juft  as  they  do  all  other  metals  diftolved  by 
Acids  ;  and  this  precipitate  of  Lead  is  white. 

Sea-falt,  or  Spirit  of  Salt,  feparates  the  Lead 
from  its  falvent,  and  precipitates  it,  as  we  obferved 
before,  into  a  Plumbum  corneum  :  but  this  precipi¬ 
tate  differs  from  the  Luna  cornea ,  as  being  very  fo- 
luble  in  water  ;  whereas  the  Luna  corned  will  not 
diffolve  in  it  at  all  ;  or  at  leaft  diffolves  therein  with 
great  difficulty  and  in  a  very  fmall  quantity.  This 
Plumbum  corneum  diffolved  in  water  is  again  precipi¬ 
tated  by  the  Vitriolic  Acid.  M.  Groffe  obferves 
that  this  forms  an  exception  to  the  eighth  column  of 
Mr.  Geoffroy’ s  Table  of  Affinities  ;  in  which  the 
Acid  of  Sea-lalt  is  marked  as  having  a  greater  affi¬ 
nity  than  any  other  Acid  with  Metallic  fubftances. 

Our  folution  of  Lead  is  alfa  precipitated  in  a 
white  powder  by  feveral  Neutral  Salts  ;  fuch  as  Vi- 
triolated  Tartar,  Alum,  and  common  Vitriol.  It  is 
by  the  means  of  double  affinities  that  thefe  Neutral 
Salts  effetft  this  precipitation. 

Even  pure  water  alone  is  capable  of  precipitating 
the  Lead  of  our  folution,  by  weakening  the  Acid, 

and 
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and  thereby  difabling  it  from  keeping  the  metal  fuf- 
pended. 

Gaftly,  as  all  the  folutionsof  metals  in  Adds  are 
nothing  but  Neutral  Metallic  Salts  in  a  fluid 
form,  fo  if  the  folution  of  Lead  be  evaporated  over 
the  fire,  it  will  ihoot  into  very  beautiful  cryftals, 
about  the  bignefs  of  hemp- feed,  ihaped  like  regular 
pyramids  having  fquare  bales.  Thefe  cryftals  are 
yellowiffi,  and  have  a  fweet  faccharine  tafte  :  but 
what  is  moft  Angular  in  them  is,  that,  as  they  conflit 
of  the  Nitrous  Acid  combined  with  Lead,  which 
manifeftly  contains  a  great  deal  of  phlogiiton,  they 
conftitute  a  Nitrous  Metallic  Salt,  which  has  the 
property  of  deflagrating  in  a  crucible,  without  the 
addition  of  any  other  inflammable  matter.  This 
Salt  is  extremely  hard  to  diflblve  in  water. 

The  grey  mercurial  precipitate  which  whitens' 
Gold,  andin  which  little  .globules  of  running  Mer¬ 
cury  are  perceivable,  is  far  from  being  pure  Mer¬ 
cury,  This  metallic  fubftance  makes  but  a  fmall 
part  thereof  :  for  it  is  an  aflemblage  i.  of  little 
cryftals  of  the  fame  nature  with  thole  afforded  by 
the  evaporated  folution  ;  2.  of  a  portion  of  the 
white  matter,  or  powder,  which  renders  the  folution 
milky  j  3.  of  a  grey  powder  which  M.  Grofiè  con- 
fiders  as  the  only  mercurial  part  ;  4.  and  laftly,  of 
little  particles  of  Lead  that  have  efcaped  the  a&ion 
of  the  folvent  ;  efpecially  if  a  little  more  Lead  than 
the  Add  is  capable  of  diflolving  were  added  with  a 
view  to  faturate  it  entirely,  as  in  the  prefent  procefs. 

By  means  of  motion  and  heat  the  fmall  parcels 
of  Mercury  may  be  amalgamated  with  the  Lead. 

That  Mercury  fhould  be  found  intire  and  in  glo¬ 
bules  in  the  Spirit  of  Nitre,  which  very  eafily  dif- 
folves  that  metallic  fubftance,  will  not  be  furprizing 
to  thofe  who  refled  that,  in  the  prefent  cafe,  the 
Acid  is  fatu rated  with  Lead,  with  which  it  has  a 
greater  affinity  than  with  Mercury  -,  as  appears  by 

M. 
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M.  Geoffroy’s  Table  of  Affinities,  where,  in  the 
column  that  hath  the  Nitrous  Acid  at  top,  Lead  is 
placed  above  Mercury.  Agreeably  to  this,  if  Lead 
be  prefented  to  a  folution  of  Mercury  in  Spirit  of 
Nitre,  the  Lead  will  be  diffolved,  and  as  the  diffio- 
lution  thereof  advances  the  Mercury  will  precipitate. 

Hence  it  appears  that,  in  order  to  find  any  Mer¬ 
cury  in  the  ipontaneous  precipitate  of  Lead  diflolved 
by  the  Nitrous  Acid,  it  is  neceffary  that  the  Acid 
be  entirely  faturated  with  Lead  -,  or  elfe  that  portion 
of  the  Acid  which  remains  unfaturated  will  diffolve 
the  Mercury. 

With  regard  to  the  white  powder  that  renders  the 
folution  milky,  and  afterwards  precipitates,  it  is  no¬ 
thing  but  a  portion  of  the  Lead,  which,  not  being 
intimately  united  with  the  Acid,  falls  in  part  of  its 
own  accord.  It  is  a  fort  of  calx  of  Lead,  which 
being  expofed  to  the  fire  becomes  partly  glafs,  and 
partly  Lead,  becaufe  it  ftill  retains  fome  of  its  phlo- 
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Of  Mercury. 


PROCESS  I. 

<£o  extrati  Mercury  from  its  Ore ,  or  to  revivify  it 

from  Cinabar. 

PULVERIZE  the  Cinabar  from  which  you 
would  extradl  the  Mercury  ;  with  this  powder 
jnix  an  equal  part  of  clean  iron  filings  ;  put  the  mix¬ 
ture  into  a  retort  of  glafs  or  iron,  leaving  at  leafli 

one  third  part  thereof  empty.  Set  the  retort  thus 

r  prepared  © 
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prepared  in  a  fand-bath,  fo  that  its  body  may  be 
quite  buried  in  the  fand,  and  its  neck  decline  confi- 
derably  downwards:  lit  on  a  receiver  half  filled  with 
water,  and  let  the  nofe  of  the  retort  enter  about 
half  an  inch  into  thé  water. 

Heat  the  vefiels  fo  as  to  make  the  retort  mode¬ 
rately  red.  The  Mercury  will  rife  in  vapours, 
which  will  condenfe  into  little  drops,  and  fall  into 
the  water  in  the  receiver.  When  you  fee  that  no¬ 
thing  more  comes  over  with  this  degree  of  heat,  in- 
creafe  it,  in  order  to  raife  what  Mercury  may  ftiii 
be  left.  When  all  the  Mercury  is  thus  brought 
over,  take  off  the  receiver,  pour  out  the  water  con¬ 
tained  in  it,  and  colled  the  Mercurv. 

\  ^ 

OBSERVATIONS. 

Mercury  is  never  mineralized  in  the  bowels  of 
the  earth  by  any  thing  but  Sulphur  ;  with  which  it 
forms  a  compound  of  a  brownifh  red  colour,  known 
by  the  name  of  Cinabar. 

Sometimes  it  is  only  mixed  with  earthy  and  ftony 
matters  that  contain  no  Sulphur  ;  but  as  this  me¬ 
tallic  fubftance  is  never  deftitute  of  its  phlogifton, 
it  then  has  its  metalline  form  and  properties.  When 
it  is  found  in  this  condition,  nothing  is  more  eafy 
than  to  i'eparate  it  from  thofe  heterogeneous  matters. 
For  that  purpofe  no  more  is  requifite  than  to  diftill 
the  whole  with  a  fire  ftrong  enough  to  raife  the 
Mercury  in  vapours.  This  mineral  is  volatile  ;  the 
earthy  and  ftony  matters  are  fixed  ;  and  a  certain 
degree  of  heat  will  eftetft  a  complete  feparation  of 
what  is  volatile  from  what  is  fixed. 

_  This  is  not  the  cafe  when  Mercury  is  combined 
with  Sulphur  :  for  this  latter  mineral  is  volatile  as 
well  as  Mercury  ;  and  the  compound  refulting  from 
the  union  of  them  both  is  alfo  volatile:  fo  that 
if  Cinabar  were  expofed  to  the  fire  in  dole  veifels, 

as 
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as  it  muft  be  to  lave  the  Mercury,  it  would  be  fu- 
blimed  in  fubftance,  without  being  decompofed  at 
all. 

In  order  therefore  to  feparate  thefe  two  fubftances 
from  each  other,  we  mult  have  recourfe  to  the  in- 
terpofition  of  fome  third,  which  hath  a  greater  af¬ 
finity  with  one  of  them  than  the  other  hath,  and  no 
affinity  with  that  other. 

Iron  hath  all  the  conditions  requifite  for  this  pur- 
pofe  ;  feeing  it  hath,  as  may  be  feen  in  the  Table, 
a  much  greater  affinity  with  Sulphur  than  Mercury 
hath,  and  is  incapable  of  contracting  any  union  with 
Mercury. 

Iron,  however,  is  not  the  only  fubftance  that  may 
be  employed  on  this  occafion  :  Fixed  Alkalis,  Ab- 
forbent  earths,  Copper,  Lead,  Silver,  Regulus  of 
Antimony,  have  all,  as  well  as  Iron,  a  greater  affi¬ 
nity  than  Mercury  with  Sulphur.  Nay,  feveral  of 
thefe  fubftances,  namely,  the  faline  and  earthy  Al¬ 
kalis,  as  well  as  Regulus  of  Antimony,  cannot  con¬ 
tract  any  union  with  Mercury  :  the  reft,  to  wit.  Cop¬ 
per,  Lead,  and  Silver,  are  indeed  capable  of  amal¬ 
gamating  with  Mercury  ;  but  then  the  union  which 
thefe  metals  contract  with  the  Sulphur  prevents  it  ; 
and  even  tho’  they  ffiould  unite  with  this  metallic  fub¬ 
ftance,  the  degree  of  heat  to  which  the  whole  mix¬ 
ture  is  expofed  would  foon  carry  up  the  Mercury, 
and  feparate  it  with  eafe  from  thofe  fixed  fubftances. 

In  this  diftillation  the  fame  cautions  mu  ft  be  ob- 
ferved  as  in  all  others  :  that  is,  the  veffels  muft  be 
(lowly  heated,  efpecially  if  a  glafs  retort  be  ufed  ; 
the  fire  muft  be  raifed  by  degrees,  and  a  much 
flronger  one  applied  at  laft  than  at  firft.  This  o- 
peration  particularly  requires  a  very  ftrong  degree  of 
tire,  when  there  is  but  a  final!  quantity  of  Mercury 
left. 

After  the  operation  there  remains  in  the  retort  a 
compound  of  Iron  and  Sulphur,  which  may  eafily 

be 
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be  converted  into  a  crocus ,  by  calcining  it  and 
burning  away  the  Sulphur. 

if  a  Fixed  Alkali  be  employed,  a  Liver  of  Sul¬ 
phur  will  be  found  in  the  retort  after  the  dihillatiom 
If  the  Cinabar  from  which  you  extract  the  Mer¬ 
cury  be  good,  you  will  generally  obtain  feven  eighths 
-of  its  weight  in  Quick-filver. 

In  the  prefent  operation  it  is  not  neceiïary  to  lute 
on  the  receiver,  becaufe  the  water,  in  which  the  nofe 
of  the  retort  is  plunged,  is  lufficient  to  fix  the 
Mercurial  vapours.  In  cafe  the  Cinabar,  from 
which  you  intend  to  feparate  the  Mercury,  be  mix¬ 
ed  with  a  great  quantity  of  heterogeneous,  but  fix¬ 
ed,  matters,  fuch  as  earths,  hones,  &c.  it  may  be 
leparated  from  them  by  fubliming  it  with  a  proper 
degree  of  heat,  becaufe  it  is  volatile. 

The  vapours  of  Mercury  are  prejudicial,  and  may 
excite  afalivation,  tremors,  and. pallies;  theyfhould 
therefore  be  always  avoided  by  fuch  as  work  on  this 
mineral. 

The  oldefl  and  richeft  mine  of  Mercury  is  that  of 
Almaden  in  Spain.  It  is  a  lingular  property  of  that 
mine  that,  though  the  Mercury  found  in  it  is  com¬ 
bined  with  Sulphur,  and  in  the  form  of  Cinabar, 
yet  no  additament  is  required  to  procure  the  fepara- 
tion  of  thefe  two  *,  the  earthy  and  ftony  matter,  with 
which  the  particles  of  the  ore  are  incorporated,  be¬ 
ing  itfelf  an  excellent  abforbent  of  Sulphur. 

In  the  Quick-filver  works  carried  on  at  this  mine 
they  make  no  ufe  of  retorts.  They  place  lumps  of 
the  ore  on  an  iron  grate,  which  hands  immediately 
over  the  furnace.  The  furnaces  which  ferve  for  this 
operation  are  clofed  at  the  top  by  a  fort  of  dome, 
behind  which  hands  the  fhaft  of  a  chimney  that  com¬ 
municates  with  the  fire  place,  and  gives  vent  to  the 
fmoke.  1  hefe  furnaces  have  in  their  fore-hde  fix- 
teen  apertures,  to  each  of  which  is  luted  an  aludel 
in  a  horizontal,  politico,  communicating  with  a 
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long  row  of  other  aludels  placed  likewife  in  an  hori¬ 
zontal  direction  ;  which  aludels  fo  connected  toge¬ 
ther  form  one  long  pipe  or  canal,  the  further  end 
whereof  opens  into  a  chamber  deftined  to  receive  and 
condenfe  all  the  mercurial  vapours.  Thefe  rows  of 
aludels  are  fupported  from  end  to  end  by  a  terrafs, 
which  runs  from  the  body  of  the  building,  wherein 
the  furnaces  are  eredted,  to  that  where  the  chambers 
are  built  that  perform  the  office  of  receivers. 

This  is  a  very  ingenious  contrivance  and  faves 
much  labour,  expence,  and  trouble,  that  would 
be  unavoidable  if  retorts  were  employed. 

That  part  of  the  furnace  wrhich  contains  the  lumps 
of  ore,  lerves  for  the  body  of  the  retort  ;  the  row  of 
aludels  for  its  neck  -,  and  the  little  chambers  in  which 
thefe  canals  terminate  are  adtual  receivers.  The 
terrafs  of  communication,  which  reaches  from  the 
one  building  to  the  other,  is  formed  of  two  inclined 
planes,  the  lower  edges  of  which,  meeting  in  the 
middle  of  the  terrafs,  rife  from  thence  infenfibly  ; 
the  one  quite  to  the  building  where  the  furnaces  are, 
and  the  other  to  that  which  forms  the  recipient  cham¬ 
bers.  By  this  means,  when  any  Mercury  efcapes 
through  the  joints  of  the  aludels,  it  naturally  runs 
down  along  thefe  inclined  planes,  and  fo  is  colle&ed 
in  the  middle  of  the  terrafs,  where  the  inferiour  fides 
of  the  planes  meeting  together  form  a  fort  of  ca¬ 
nal,  out  of  which  it  is  eafily  taken  up. 

The  celebrated  M.  de  Juffieu  having  viewed  the 
whole  himfelf,  in  a  journey  he  made  to  this  mine, 
furnifhed  us  with  this  defcription  of  the  work. 
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P  R  O  C  E  S  S  II.  ' 

To  give  Mercury ,  by  the  action  of  Fire,  the  appear¬ 
ance  of  a  Metalline  Calx. 

PU T  Mercury  into  feveral  little  glafs  matraftes 
with  long  and  narrow  necks.  Stop  the  ma- 
traffes  with  a  little  paper,  to  prevent  any  dirt  from 
falling  into  them.  Set  them  all  in  one  fand-bath, 
fo  that  they  may  be  furrounded  with  fand  as  high  as 
two  thirds  of  their  length.  Apply  the  ftrongeft  de¬ 
gree  of  heat  that  Mercury  can  bear  without  fublime- 
ing  :  continue  this  heat  without  interruption,  till  all 
the  Mercury  be  turned  to  a  red  powder.  The  ope¬ 
ration  lads  about  three  months. 

OBSERVATIONS. 

M  ercury  treated  according  to  the  procefs  here 
delivered  hath  all  the  appearance  of  a  metalline  calx, 
but  it  hath  no  more  :  for,  if  it  be  expofed  to  a  pret¬ 
ty  flrong  degree  of  fire,  it  fublimes,  and  is  wholly 
reduced  to  running  Mercury,  without  the  addition 
of  any  other  inflammable  matter;  which  proves  that 
during  this  long  calcination  it  loft  none  of  its  phlo- 
gifton. 

The  volatile  nature  of  Mercury,  which  permits  it 
not  to  bear  a  heat  of  any  ftrength  without  fublim- 
ing,  prevents  our  examining  all  the  effefts  that  fire 
is  capable  of  producing  on  it.  Yet  there  is  reafon 
to  believe  that,  as  this  metallic  fubftance  refembles 
the  perfedl  metals  in  its  weight,  its  fplendour,  and 
a  brilliancy  which  refills  all  the  imprefiions  of  the 
air  without  alteration,  it  would  like  them  be  un¬ 
changeable  by  the  greateft  force  of  fire,  if  it  were 
fixed  enough  to  bear  it. 

In  order  to  give  Mercury  the  form  of  a  metalline 
calx,  it  muft  neceflarily  be  expofed  for  about  three 

months 
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months  together,  to  the  utmoft  heat  it  can  hear 
without  fubliming,  as  is  above  directed.  Boerhaave 
kept  it  digefting  in  a  lefs  heat  for  fifteen  years  fuc- 
cdfively,  both  in  open  and  in  clofe  veffels,  without 
obferving  it  to  fuffer  the  leaft  change  -,  except  that 
there  was  formed  upon  its  furface  a  fmall  quan¬ 
tity  of  a  black  powder,  which  was  reduced  to  run¬ 
ning  Mercury  by  trituration  alone. 

Mercury  thus  converted  to  a  red  powder  is  known 
in  chymiftry  and  medicine  by  the  name  of  Mercury 
precipitated  per  fe  :  a  title  proper  enough,  as  it  is 
aétually  reduced  to  the  form  of  a  precipitate,  and 
that  without  any  additament  ;  but  very  improper  on 
the  other  hand,  confidering  that  in  reality  this  Mer¬ 
cury  is  not  a  precipitate,  as  not  having  been  feparat- 
ed  from  any  menftruum  in  which  it  was  diffolved. 


PROCESS  III. 

T 0  dilfolvB  Mercury  in  the  Vitriolic  Acid .  Turhith 

mineral. 


PUT  Mercury  into  a  glafs  retort,  and  pour  on 
it  thrice  its  weight  of  good  Oil  of  Vitriol.  Set 
the  retort  in  a  land-bath;  fit  on  a  recipient  ;  warm 
the  bath  by  degrees  till  the  liquor  juft  limmer. 
With  this  heat  the  Mercury  will  begin  to  dif- 
folve.  Continue  the  fire  in  this  degree  till  all  the 
Mercury  be  diffolved. 


OBS  E  R  V  AT  IONS. 

The  Vitriolic  Acid  diiTolves  Mercury  pretty  well: 
but  for  this  purpole  the  Acid  mtift  be  very  hot,  or 
even  boil  ;  and  then  too  it  is  a  very  long  time  before 
the  diffolution  is  completed.  We  have  directed  the 
operation  to  be  performed  in  a  retort  ;  becaufe  this 
folution  is  ufually  employed  to  make  another  prepa¬ 
ration  called  Turpi! h  mineral,  which  requires  that  as 
much  as  poffible  of  the  Acid  folvent  bè  abkr acted  by 
Vol.  1.  D  d  diftil- 
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diftillation.  Having  therefore  diffolved  your  Mer¬ 
cury  in  the  .Vitriolic  Acid,  if  you  will  now  prepare 
the  1  urbith,  you  mull,  by  continuing  to  heat  the 
retort,  drive  over  all  the  liquor  into  the  receiver,  and 
diftili  till  nothing  remains  but  a  white  powdery  mat¬ 
ter  :  then  break  the  retort  ;  pulverize  its  contents 
in  a  glafs  mortar,  and  thereon  pour  common  water, 
which  will  immediately  turn  the  white  matter  of  a 
lemon-colour  ,  wafh  this  yellow  matter  in  five  or 
fix  warm  waters,  and  it  will  be  what  is  called  in 
medicine  T. urbith  mineral  ^  that  is,  a  combination 
of  the  Vitriolic  Acid  with  Mercury,  five  or  fix 
grains  whereof  is  a  violent  purgative,  and  aifo  an 
emetick;  qualities  which  it  poffeffes  in  common  with 
the  vegetable  Turbith,  whofe  name  it  hath  therefore 
taken. 

There  rifes  out  of  the  retort,  both  while  the  Mer¬ 
cury  is  diffolving,  and  while  the  folvent  is  abftrad- 
ing,  a  weak  Spirit  of  Vitriol  -,  becaufe  a  great  part 
of  the  Add  remains  united  with  die  Quick-filver, 
which  at  lait  appears  in  the  form  of  a  white  powder  ; 
fo  that,  if  you  do  not  incline  to  fave  the  Acid  which 
rifes  on  this  occafion,  you  may,  inflead  of  drawing 
off  the  liquor  in  a  retort,  evaporate  it  in  a  glafs  ba- 

Ion  let  on  a  fand-bath,  which  will  be  much  fooner 
done. 

It  is  very  remarkable  that,  on  this  occafion,  the 
Mercury  may  be  expofed,  without  any  danger  of 
fubl Lining,  to  a  much  greater  heat  than  it  is  capable 
of  bearing  when  not  combined  with  the  Vitriolic 
Acid  ;  which  fliews  that  this  Acid  hath  the  property 
of  fixing  Mercury  to  a  certain  degree. 

The  white  matter,  that  remains  after  the  evapora¬ 
tion  of  the  fluid,  is  one  of  the  moft  violent  corro* 
fives,  and  would  prove  an  adual  poifon  if  taken  in¬ 
ternally.  By  wafhing  it  feveral  times  in  warm  water 
it  is  freed  from  agi  eat  deal  of  its  Acid,  and  fo  con- 
fxderabty  fweetened.  The  proof  is  this  ;  if  the 
water  tiled  in  walking  the  i. urbith  be  evaporat¬ 
ed. 
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ed,  there  remains  after  the  evaporation  a  matter  in 
form  of  a  Salt,  that  being  fet  in  a  cellar  runs  into 
a  liquor  called  Oil  of  Mercury ,  which  is  a  powerful 
corrofive-  Several  authors  further  diredt  Spirit  of 
Wine  to  be  burnt  on  the  Turbith,  to  fweeten  it  hill 
more. 

If  in  fie  ad  of  walking  the  white  matter  that  re¬ 
mains  after  the  moifture  is  drawn  off,  frefh  Oil  of 
Vitriol  be  poured  on  ir,  and  then  abltradted  as  be¬ 
fore  ;  this  treatment  being  repeated  two  or  three 
times,  there  will  at  laft  remain  in  the  retort  a  mat¬ 
ter  having  the  appearance  of  an  Oil,  which  refills 
the  adtion  of  the  fire,  and  cannot  be  deficcated  : 
qualities  which  are  owing  to  the  great  quantity  of 
Acid  particles  thus  united  with  the  Mercury.  This 
Oil  of  Mercury  is  one  of  the  mod  violent  corrofives. 
The  Mercury  may  be  feparated  therefrom,  by  preci¬ 
pitating  it  with  an  Alkali,  or  a  metallic  fubftance 
that  hath  more  affinity  than  Mercury  with  the  Vi¬ 
triolic  Acid  :  Iron,  for  inltance,  may  be  employ¬ 
ed  in  this  precipitation.  Mercury  thus  feparated 
from  the  Vitriolic  Acid  need  only  be  difbilied  to  re¬ 
cover  the  form  of  Quick-filver. 


****** 


PROCESS  IV. 

To  combine  Mercury  with  Sulphur .  Æthiops  Mineral: 

I X  a  dram  of  Sulphur  with  three  drams  of 
Quick-filver,  by  triturating  the  whole  in  a 
■glafs  mortar  with  a  glafs  peftle.  By  degrees,  as  you 
triturate,  the  Mercury  will  difappear,  and  the  matter 
will  acquire  a  black  colour.  Continue  the  triture 
till  you  cannot  perceive  the  Irait  particle  of  running 
Mercury.  The  black  matter  you  will  then  have  in 
the  mortar  is  known  in  medicine  by  the  name  of 
Æthiops  mineral .  An  Æthiops  may  alfo  be  made 
by  fire  in  the  following  manner. 
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In  a  fhallow  unglazed  earthen  pan  melt  one  part 
of  flowers  of  Sulphur  :  add  three  parts  of  running 
Mercury,  making  it  fall  into  the  pan  in  the  form  of 
fmall  rain,  by  fqtieezing  it  through  chamoy  leather. 
Keep  dirring  the  mixture  with  the  fhank  of  a  to¬ 
bacco-pipe  all  the  while  the  Mercury  is  falling  : 
you  will  fee  the  matter  grow  thick  and  acquire  a 
black  colour.  When  the  whole  is  thoroughly  mix¬ 
ed,  fet  fire  to  it  with  a  match,  and  let  as  much  of 
the  Sulphur  bum  away  as  will  flame. 

OBSERVATIONS. 

Mercury  and  Sulphur  unite  together  with  great 
eafe  -,  cold  triture  alone  is  fufficient  to  join  them. 
By  this  means  the  Mercury  is  reduced  into  exceed¬ 
ing  fmall  atoms,  and  combines  fo  perfedly  with  the 
Sulphur  that  the  lead  vedige  thereof  is  not  to  be 
feen. 

Sulphur  is  not  the  only  matter  which  being  rub¬ 
bed  with  Mercury  will  deflroy  its  form  and  fluidity  : 
all  fat  fubdances  that  have  any  degree  of  confidence, 
inch  as  the  fat  of  animals,  balfams,  and  refins,  are 
capable  of  producing  the  fame  effed.  This  metal¬ 
lic  fubdance,  being  triturated  for  fome  time  in  a 
mortar  with  thefe  matters,  becomes  at  lad  invisible, 
and  communicates  to  them  a  black  colour.  When 
thus  divided  by  the  interpofition  of  heterogeneous 
particles  it  is  faid  to  be  Killed.  But  Mercury  doth 
not  contrad  fuch  an  intimate  union  with  thefe  other 
matters  as  it  doth  with  Sulphur. 

The  Æthiops  prepared  by  fufion  is  a  more  per- 
fed  and  accurate  combination  of  Mercury  and  Sul¬ 
phur  than  the  other  :  for,  the  quantity  of  Sulphur 
direded  to  be  ufed  in  making  it  being  much  greater 
than  is  abfolutely  necefiary  to  fix  the  Mercury,  the 
redundant  Sulphur  is  dedroyed  by  burning,  and 
none  left  but  what  is  mod  intimately  united  with 
the  Mercury,  and  hindered  by  the  union  it  hath 

con- 
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contracted  with  that  metal] ic  fubftance  from  being 
fo  eafily  confumed.  The  Æthiops  therefore,  which 
is  prepared  by  fufion  and  burning  the  Sulphur,  con¬ 
tains  a  much  greater  proportion  of  Mercury  than 
that  which  is  made  by  fimple  triture  ;  fo  that  in  Me¬ 
dicine  it  ought  to  beprefcribed  in  different  cafes,  and 
in  fmaller  dofes. 

If  no  more  Sulphur  than  is  juft  neceffary  to  kill 
the  Mercury  be  added  to  it  at  firft,  it  will  be  dif¬ 
ficult  to  obtain  a  perfect  mixture  ;  becaufe  that 
quantity  is  very  fmall  :  it  is  better  therefore  to  em¬ 
ploy  at  once  the  quantity  above  dire&ed. 


PROCESS  V. 

To  fublime  the  combination  of  Mercury  and  Sulphur 

into  Cinabar. 

GRIND  to  powder  Æthiops  mineral  prepared 
by  fire.  Put  it  into  a  cucurbit  ;  fit  thereto  a 
bead  ;  place  it  inafand-bath,  and  begin  with  apply¬ 
ing  iuch  a  degree  of  heat  as  is  requifite  to  fublime 
Sulphur.  A  black  matter  will  rife,  and  adhere  to 
the  fides  of  the  veffel.  When  nothing  more  will 
rife  with  this  degree  of  heat,  raile  the  fire  fo  as  to 
make  the  fand  and  the  bottom  of  the  cucurbit  red  ; 
and  then  the  remaining  matter  will  fublime  in  the 
form  of  a  brown ifh  red  mafs,  which  is  true  Cinabar . 

OBSERVATIONS. 

Æthiops  mineral  requires  nothing  but  fublima- 
tion  to  become  true  Cinabar,  like  that  found  in 
Quick-filver  mines  :  but  our  Æthiops  contains  ftill 
more  Sulphur  than  ought  to  be  in  the  compofition 
of  Cinabar  ;  for  which  reafon  we  have  directed  the 
degree  of  fire  applied  at  firft  to  be  no  greater  than 
that  which  is  capable  of  fubliming  Sulphur.  As 
Cinabar,  though  confiding  of  Mercury  and  Sul- 
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phur,  is  yet  much  lefs  volatile  than  either  of  thefe 
fubftances  alone  ;  which  probably  arifes  from  the 
Vitriolic  Acid  contained  in  the  Sulphur  ;  there¬ 
fore,  if  there  be  any  redundant  Sulphur  in  the 
Æthiops,  which  hath  not  contracted  an  intimate  uni¬ 
on  with  the  Mercury,  it  will  fublirne  by  itfelf  in  this 
frit  degree  of  heat.  Some  mercurial  particles  all® 
will  rile  with  it,  and  give  it  a  black  colour. 

Cinahar  contains  no  more  Sulphur  than  about  a 
fxth  or  feventh  part  of  its  weight  :  fo  that,  in  (lead 
of  employing  the  common  Æthiops  to  make  it,  it 
would  be  better  to  prepare  one  on  purpofe  that  fhould 
contain  much  Ids  Sulphur  ;  becaufe  too  much  SuU 
phur  prevents  the  fuccefsof  the  operation  by  blacken¬ 
ing  the  Sublimate.  Indeed  in  what  ever  manner 
you  go  about  it,  the  Cinabar  always  appears  black 
at  hr  ft  :  but  when  it  is  well  prepared,  and  contains 
no  more  than  its  due  proportion  of  Sulphur,  the 
blacknefs  is  only  external.  This  black  coat  there¬ 
fore  may  be  taken  oft  ;  and  then  the  internal  part 
will  appear  of  a  fine  red,  and,  if  fublimçd  a  fécond 
time,  will  be  verv  beautiful. 

*r 

As  artificial  Cinabar  hath  the  fame  properties  with 
the  native,  it  may  be  decompofed  by  the  fame 
means:  fo  that,  if  you  want  to  extradl  the  Mercury 
out  of  it,  recou rfe  muff  be  had  to  the  p  rood's  above 
delivered  for  working  on  Cinabar  ores. 


,  PROCESS  VI, 

To  diffohe  Mercury  in  the  Nitrous  Acid .  Sundry 

Mercurial  Precipitates. 

PU  T  into  a  matrafs  the  quantity  of  Mercury 
you  intend  to  drlMve  :  pour  on  it  an  equal 
quantity  of  good  Spirit  of  Nitre,  and  1er  the  matrafs 
In  a  land T:ath  moderately  heated,  The  Mercury 
will  diffolve  with  the  phenomena  that  uftally  attend 

the 


Practice  c/  Chymïstry,  407 

the  diÎTolutîons  of  metals  in  this  Acid.  When  the 
diflolution  is  completed  let  the  liquor  cool.  You 
will  know  that  the  Acid  is  perfectly  faturated,  if  there 
remain  at  the  bottom  of  the  veflfel,  notwithftanding 
the  heat,  a  little  globule  of  Mercury  that  will  not 
difiblve. 

O  BSERVATIO  NS. 

Mercury  diflolves  in  the  Nitrous  Acid  with 
much  more  facility,  and  in  much  greater  quantity, 
than  in  the  Vitriolic  *,  fo  that  it  is  not  neceffary,  on 
this  occafion,  to  make  the  liquor  boil.  Phis  lolu- 
tion  when  cold  yields  cryftals,  which  are  a  Nitrous 
Mercurial  Salt.  If  you  defire  to  have  a  clear  lim¬ 
pid  folution  of  Mercury,  you  muft  employ  an  Aqua 
Fortis  that  is  not  tainted  with  the  Vitriolic  or  Manne 
Acid  :  for,  the  affinity  of  thefe  two  Acids  with 
Mercury  being  greater  than  that  of  the  Nitrous 
Acid,  they  precipitate  it  in  the  form  of  a  white 
powder,  when  they  are  mixed  with  the  folvent. 

Mercury  thus  precipitated  in  a  white  powder,  out 
of  a  folution  thereof  in  the  Spirit  of  Nitre,  is  ufed 
in  Medicine.  To  obtain  this  precipitate,  which  is 
known  by  the  name  of  the  White  Precipitate ,  Sea- 
falt  diffiolved  in  water  together  with  a  little  Sal  Am¬ 
moniac  is  ufed  ;  and  the  precipitate  is  walked  feveral 
times  in  pure  water,  wfithout  which  precaution  it 
would  be  corrofive,  on  account  of  the  great  quan¬ 
tity  of  the  Marine  Acid  which  it  would  contain. 

The  preparation  known  by  the  name  of  Red  Pre¬ 
cipitate  alfo  obtained  from  our  folution  of  Mer¬ 
cury  in  Spirit  of  Nitre. .  It  is  made  by  abftrading 
ail  the  moifture  of  the  folution,  either  by  diftillation 
in  a  retort,  or  by  evaporation  in  a  glafs  bafon  fet  on 
a  fand-bath.  W  hen  it  begins  to  grow  dry  it  appears 
like  a  white  ponderous  mafs.  Then  the  fire  is  made 
flrong  enough  to  drive  off  almoft  all  the  Nitrons 
"Acid,  which,  being  now  concentrated,  rifes  in  the 
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form  of  red  vapours.  If  thefe  vapours  be  catched 
in  a  receiver,  they  condenfe  into  a  liquor,  which  is 
a  very  drong  and  vafily  imoking  Spirit  of  Nitre. 

By  degrees,  as  the  Nitrous  Acid  is  forced  up  by 
the  fire,  the  mercurial  mafs  lofes  its  white  colour, 
and  becomes  firft  yellow,  and  at  lafl  very  red. 
When  it  is  become  entirely  of  this  lall  colour  the 
operation  is  finifhed.  The  red  mafs  remaining  is  a 
Mercury  that  contains  but  very  little  Acid,  in  corn- 
par  i  fon  of  what  it  did  while  it  was  white  :  and  in¬ 
deed  the  firft  white  mafs  is  fuch  a  violent  corrofive, 
that  it  cannot  be  ufed  in  Medicine  ;  whereas,  when  it 
is  become  red,  it  makes  an  excellent  efcharotic,  which 
thofe  who  know  how  to  ufe  it  properly  apply  with 
very  great  fuccefs,  particularly  to  venereal  ulcers. 

This  preparation  is  very  improperly  called  a  Pre- 
dr  it  aïe  :  for  the  Mercury  is  not  feparated  from  the 
Spirit  of  Nit-re  by  the  interpolition  of  any  other 
fubffance,  but  only  by  evaporating  the  Acid.  It 
is  alfo  called  Arcanum  Corallinum. 

It  mull:  be  obferved  that  Mercury,  by  its  union 
with  the  Nitrous  Acid,  acquires  a  certain  degree  of 
fixity  :  for  the  red  precipitate  is  capable  of  fuftain- 
ing,  without  being  volatilized,  a  ftronger  degree 
of  heat  than  pure  Mercury  can  ;  which,  as  we  ob- 
ferved  before,  is  the  property  of  Turbith  mineral 
alfo. 


PROCESS  VIE 

j Vo  combineMercury  with  the  Acid  of  Sea  fait.  Corrofive 

Sublimate. 

EVAPORAT  E  a  folution  of  Mercury  in  the 
Nitrous  Acid  till  there  remain  only  a  white 
powder,  as  mentioned  in  our  obfervations  on  the 
preceding  procefs.  With  this  powder  mix  as  much 
Green  Vitriol  calcined  to  whitenefs,  and  decrepita¬ 
ted  Sea-falt,  as  there  was  Mercury  in  the  folution. 

Trim- 
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Triturate  the  whole  carefully  in  a  glafs  mortar.  Put 
this  mixture  into  a  matrafs,  fo  that  two  thirds  there¬ 
of  may  remain  empty,  having  firft  cut  off  the  neck 
to  half  its  length  ;  or  inftead  thereof  you  may  ule 
an  apothecary’s  phial.  Set  your  veffel  in  a  land- 
bath,  and  put  fand  round  it  as  high  as  the  contents 
reach.  Apply  a  moderate  fire  at  firft,  and  raife  it  by 
(low  degrees.  Vapours  will  begin  to  afcend.  Con¬ 
tinue  the  fire  in  the  fame  degree  till  they  ceafe.  Then 
flop  the  mouth  of  the  veffel  with  paper,  and  increafe 
the  fire  till  the  bottom  of  the  fand-bath  be  red-hot. 
With  this  degree  of  heat  a  Sublimate  will  rife,  and 
adhere  to  the  infide  and  upper  part  of  the  veffel, 
in  the  form  of  white,  femi-tranfparent  cryftals. 
Keep  up  the  fire  to  the  fame  degree  till  nothing  more 
fublimes.  Then  let  the  veffel  cool  -,  break  it,  and 
take  out  what  is  fublimed,  which  is  Corrofive  Subli¬ 
mate. 

OBSERVATIONS. 

In  this  operation  the  mineral  Acids  act,  and  are 
a< fted  upon,  in  a  remarkable  manner.  Every  one  of 
the  three  is  at  firft  neutralized,  or  united  with  a  dif¬ 
ferent  bafis  -,  the  Vitriolic  being  combined  with  Iron; 
the  Nitrous  with  Mercury,  forming  therewith  a  Ni¬ 
trous  Mercurial  Salt  ;  and  the  Marine  with  its  natural 
Alkaline  bafis.  The  Vitriolic  and  Nitrous  Acids, 
which  are  united  with  metalline  fubftances,  being  both 
ftronger  than  the  Acid  of  Sea-falt,  ftrive  to  expel  it 
from  its  bafis,  in  order  to  combine  with  it  themfelves  ; 
but  the  Vitriolic  Acid,  being  the  ftrongeft  of  the  two, 
would  take  foie  poffeffion  of  this  bafis  exclu  five  of 
the  Nitrous,  which  would  continue  united  with  the 
Mercury  if  the  Marine  Acid  had  not  a  greater  affi¬ 
nity  than  the  Nitrous  with  this  metallic  fubftance. 
This  Acid  therefore  being  expelled  from  its  bafis  by 
the  Vitriolic  Acid,  and  fo  fet  at  liberty,  muft  unite 
with  the  Mercury,  and  feparate  the  Nitrous  Acid 
from  it  ;  which  now  hath  no  resource  but  to  unite 
with  the  Iron  deferted  by  the  Vitriolic  Acid.  But  as 
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all  thefe  changes  are  brought  about  by  the  means  of 
a  confiderable  heat,  and  as  the  Nitrous  Acid  hath 
not  a  very  firm  cohefion  with  the  Iron,  it  is  driven 
off  by  the  force  of  the  fire  ;  and  this  it  is  which  we 
fee  rife  in  vapours  during  the  operation.  It  alfo  car¬ 
ries  off  with  it  fome  parts  of  the* other  two  Acids,  but 
in  a  very  final!  quantity.  After  the  operation  there¬ 
fore  there  remains  i.  A  combination  of  the  Vitriolic 
Acid  with  the  bafis  of  Sea-falt  ;  that  is  a  Glauber’s 
Salt:  2.  A  red  martial  earth,  being  that  which 
was  the  bafis  of  the  Vitriol  :  thefe  two  fubftances  are 
blended  together,  and  remain  at  the  bottom  of  the 
veffel  becaufe  of  their  fixity  :  3.  A  combination  of 
the  Marine  Acid  with  Mercury  ;  both  of  which  be¬ 
ing  volatile,  they  afcend  together  into  the  upper  part 
of  the  veffel,  and  there  form  a  Corrofive  Sublimate. 

If  we  refleft  on  this  procefs  with  attention,  and 
recoiled  diftindtly  the  affinities  of  the  different  fub¬ 
ftances  employed  in  it,  we  fhall  perceive  that  it  is 
not  neceffary  to  make  ufe  of  all  thofe  matters,  and 
that  the  operation  would  lucceed  though  feveral  of 
them  were  left  out. 

Firft,  the  Nitrous  Acid  may  be  omitted  ;  fince, 
as  hath  been  fhewn,  it  is  not  an  ingredient  in  the 
Sublimate,  but  is  diliipated  in  vapours  during  the  o- 
peration.  From  an  accurate  mixture  therefore  of 
Vitriol,  Sea-falt,  and  Mercury,  a  Corrofive  Subli¬ 
mate  muft  be  obtained  :  for  as  the  Acid  of  the  Vi¬ 
triol  will  difengage  the  Acid  of  Sea-falt,  the  latter 
will  be  at  liberty  to  combine  with  the  Mercury,  and 
ib  form  the  compound  we  are  in  queft  of. 

Secondly,  if  we  make  ule  of  Mercury  diffolved 
by  the  Nitrous  Add,  we  may  omit  the  Vitriol  ;  be- 

c  d  havin&  a  greater  affinity  than 
the  Marine  Acid  itfelf  with  the  bafis  of  Sea-falt,  and 
the  Acid  oi  Sea  fait  having  a  greater  affinity  than  the 
Nitrous  Acid  with  Mercury,  thefe  two  Acids  will 
naturally  make  an  exchange  of  the  bafes  with  which 
they  are  united  :  the  Nitrous  will  lay  hold  on  the 

bafis 
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bafis  of  Sea-falt,  and  form  a  quadrangular  Nitre, 
while  the  Marine  Acid  will  join  the  Mercury,  and 
with  it  form  a  Corrofive  Sublimate. 

Thirdly,  inftead  of  Sea-falt  its  Acid  only  may  be 
employed  *,  which  being  mixed  with  the  folution  of 
Mercury  in  the  Spirit  of  Nitre,  will,  by  virtue  of  its 
greater  affinity  with, that  metallic  fubftance,  feparate 
it  from  the  Nitrous  Acid,  unite  with  it,  and  form  a 
white  mercurial  precipitate,  which  need  only  be  fub- 
limed  to  become  the  combination  required. 

Fourthly,  inftead  of  Mercury  diffolved  in  the  Ni¬ 
trous  Acid,  Mercury  diffolved  by  the  Vitriolic  Acid, 
or  Turbith,  may  be  ufed*  only  mixing  Sea-falt 
therewith  :  for  thefe  two  faline  fubftances  will  mu¬ 
tually  decompound  each  other,  by  virtue  of  the  affi¬ 
nities  of  their  Acids,  and  for  the  fame  reafons  that 
Sea-falt  and  the  Mercurial  Nitrous  Salt  decompound 
each  other.  The  Vitriolic  Acid  quits  the  Mercury 
with  which  it  is  combined,  to  unite  with  the  bafts 
of  the  Sea-falt  ;  and  the  Acid  of  this  Salt  being  ex¬ 
pelled  by  the  Vitriolic,  combines  with  the  Mercury, 
and  confequently  forms  our  Corrofive  Sublimate.  In 
this  cafe  a  Glauber’s  Salt  remains  after  the  fublima- 
tion. 

Thefe  feveral  methods  of  preparing  Corrofive  Su¬ 
blimate  are  never  ufed,  becaufe  each  of  them  is  at¬ 
tended  with  fome  inconvenience  ;  luch  as  requiring 
too  long  triture,  yielding  a  Sublimate  lefs  corro¬ 
five  than  it  ffiould  be,  or  a  fmailer  quantity  of  it. 
We  muft,  however,  except  the  laft  ;  which  was  in¬ 
vented  by  the  late  Mr.  Boulduc,  of  the  Academy  of 
Sciences,  who  found  none  of  thefe  inconveniencies 
attending  it  *. 

Corrofive  Sublimate  may  alfo  be  made  only  by 
mixing.  Mercury  "with  Sea-falt,  without  any  addita- 
ment.  This  may  appear  furprizing  when  we  confi- 
der  that,  as  Acids  have  a  greater  affinity  with  Alka¬ 
lis-  than  with  metallic  fubftances,  the  Acid  of  Sea- 

*  See  the  Memoirs  of  the  Academy  for  1730. 
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fait  ought  not  to  quit  its  bafis,  which  is  Alkaline, 
to  unite  with  Mercury. 

In  order  to  explain  this  phenomenon  it  niuft  be 
remembered  that  Sea  fait,  when  expofed  to  the  fire 
without  additament,  differs  a  little  of  its  Acid  to  ef- 
cape.  Now  this  portion  of  the  Marine  Acid  unites 
with  the  Mercury,  and  forms  a  Corrofive  Sublimate. 
Moreover,  as  there  is  a  pretty  ftrong  affinity  between 
the  Marine  Acid  and  Mercury,  this  may  help  to  de¬ 
tach  from  the  Sea- fait  a  greater  quantity  of  Acid 
than  it  would  otherwife  part  with.  Neverthelefs  the 
quantity  of  Sublimate  obtained  by  this  means  is  not 
confiderable,  nor  is  it  very  corrofive. 

On  this  occafion  we  muft  alfo  mention  another 
combination  of  the  Marine  Acid  with  Mercury  ; 
which  is  made  by  mixing  that  metallic  fubftance  per¬ 
fectly  with  Sal  Ammoniac,  by  the  means  of  tri¬ 
ture.  Mercury,  like  all  other  metals  except  Gold, 
poffeffes  the  property  of  decompounding  Sal  Ammo¬ 
niac,  feparating  the  volatile  Alkali  which  ferves  it 
for  a  bafis,  and  combining,  by  the  help  of  a  very 
gentle  heat,  with  its  Acid,  which  is  well  known  to 
be  the  fame  with  that  of  Sea- fait.  This  decompo- 
fition  of  Sal  Ammoniac,  by  the  metalline  fubftances, 
is  a  full  exception  to  the  firft  column  of  Mr.  Geof¬ 
frey's  Table  of  Affinities,  and  is  the  bafis  of  feveral 
new  medicines  invented  by  the  late  Comte  de  la  Ga¬ 
ray  e  *. 

Corrofive  Sublimate  is  the  mod  violent  and  the 
mod  aftive  of  all  corrofive  poifons.  It  is  never  ufed 
in  medicine,  but  in  external  applications.  It  is  a 
powerful  efeharotte  ;  it  dedroys  proud  defh,  and 
deans  old  ulcers  :  but  it  mud  be  uled  by  thofe  only 
who  know  how  to  apply  it  properly,  and  requires  an 
able  hand  to  manage  it.  It  is  not  commonly  applied 
by  itfeif,  but  mixed  in  the  proportion  of  half  a  dram 

*  See  the  Memoir  given  in  by  me  on  this  fubjeft  to  the  Aca¬ 
demy  of  Sciences  in  the  Kent  1res  de  I'Jcadetn-e  1754. 

to 
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to  a  pound  of  lime-water.  This  mixture  is  yellowifh, 
and  bears  the  name  of  Aqua  Phagedenica . 

Water  difiolves  Corrofive  Sublimate,  but  in  a 
fmall  quantity.  If  a  Fixed  Alkali  be  mixed  with 
this  folution,  the  Mercury  precipitates  in  the  form 
of  a  red  powder.  If  the  precipitate  be  procured  by 
a  Volatile  Alkali,  it  is  white;  if  by  Lime-water,  it 
is  yellow.  This  Mercurial  Salt  difiolves  pretty  ea- 
fily  in  boiling  Spirit  of  Wine. 


PROCESS  VIII. 


Sweet  Sublimate . 


TAKE  four  parts  of  Corrofive  Sublimate;  pul¬ 
verize  it  in  a  glafs  or  marble  mortar;  add  by 
little  and  little  three  parts  of  Mercury  revivified  from 
Cinabar;  triturate  the  whole  carefully,  till  the  Mer¬ 
cury  be  perfectly  killed,  fo  that  no  globule  thereof 
can  be  perceived.  The  matter  will  then  be  grey. 
Put  this  powder  into  an  apothecary’s  phial,  or  into 
a  matrafs,  whofe  neck  is  not  above  four  or  five  inches 
long,  leaving  t>vo  thirds  thereof  empty.  Set  the 
vefifel  in  a.fand  bath,  and  put  fand  round  it  to  one 
third  of  its  heighth.  Apply  a  moderate  fire  at  firft; 
and  afterwards  raife  it  gradually  tiil  you  perceive  that 
the  mixture  fublimes.  Keep  it  up  to  this  degree  till 
nothing  more  will  rife,  and  then  break  the  vefiel. 
Rejedl,  as  ufelefs,  a  fmall  quantity  of  earth  which  you 
will  find  at  the  bottom  ;  feparate  alfo  what  adheres 
to  the  neck  of  the  vefiel,  and  carefully  colleft  the 
matter  in  the  middle,  which  will  be  white.  Pulve¬ 
rize  it  -,  fublime  it  a  fécond  time,  in  the  fame  man¬ 


ner  as  before  -,  and  in  the  fame  manner  feparate  the 
earthy  matter  left  at  the  bottom  of  the  vefiel,  and 
what  you  find  fublimed  into  the  neck.  Pulverize, 
and  fublime  a  third  time,  the  white  matter  you  lall 
found  in  the  middle.  The  white  matter  of  this  third 
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fublimation  is  the  ÿrçw?/  Sublimate ,  called  alfo 

O  B  S  E  R  V  AT  I  O  N  S. 

The  Add  of  Sea- fait  in  the  Corrofive  Sublimate 
is  very  far  from  being  perfedly  faturated  with  Mer¬ 
cury  ;  and  thence  comes  the  corrofive  quality  of  this 
laline  compound.  But  though  Mercury,  as  appears 
by  this  combination,  is  capable  of  imbibing  a  much 
greater  quantity  of  Acid  than  is  neceffary  to  diifolve 
it  ;  nay,  though  it  naturally  takes  up  this  fuper- 
abundant  quantity  of  Acid,  yet  it  doth  not  follow 
from  thence  that  this  redundant  Acid  may  not  com¬ 
bine  with  Mercury  to  the  point  of  perfect  faturation, 
fo  as  to  lofe  its  corrofive  acidity. 

This  is  the  cafe  in  the  operation  here  defcribed. 
A  frefh  quantity  of  running  Mercury  is  mixed  with 
Corrofive  Sublimate  ;  and  the  frdh  Mercury,  com¬ 
bining  with  the  fuper-abounding  Acid,  deprives  the 
Sublimate  of  its  acrimony,  and  forms  a  compound 
which  comes  much  nearer  the  nature  of  a  Neutral 
Metallic  Salt. 

Trituration  alone  is  not  fu  hi  dent  to  produce  an 
union  between  the  newly  added  Mercury  and  the 
Acid  of  the  Corrofive  Sublimate  :  becaufe,*  generally 
fpeaking,  the  Add  of  Sea  fait  cannot  diifolve  Mer¬ 
cury  without  the  help  of  a  certain  degree  of  heat, 
and  unlefs  it  be  reduced  into  vapours. 

Thus,  though  the  newly  added  Mercury  becomes 
invifible  by  trituration,  and  feems  aftually  combined 
with  the  Corrofive  Sublimate,  yet  the  union  is  not 
intimate.  1  here  is  only  an  interpolition  of  parts, 
but  no  true  dilfolution  ot  the  newly  added  Mercury 
by  the  fuper- abundant  Acid  of  the  Corrofive  Subli¬ 
mate.  ^  For  this  reafon  the  mixture  mull  be  fu- 
blimcd  ;  and  by  this  fublimation  only  is  the  true  union 
effeded.^  Nor  is  one  Angle  fublimation  fufficient  : 
.no  Jefs  than  three  are  neceffary  to  deprive  the  Subli¬ 
mate  cl  the  corrofive  quality  which  renders  it  poifon* 
ous.  /after  the  third  fublimation,  the  Sublimate 

being 
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being  put  upon  the  tongue  gives  no  confiderable  fen- 
fation  of  acrimony  -,  nor  doth  it  retain  any  more  of 
*  its  former  activity  than  is  requifite  to  make  it  a  gen-  • 
tie  purgative,  when  adminiitered  from  fix  to  thirty 
grains  for  a  dofe. 

If  a  lefs  quantity  of  Mercury  than  that  above  di¬ 
rected  be  mixed  with  the  Corrofive  Sublimate,  the 
Hiper-abundant  Acid  will  not  be  fufficiently  fatu  rated; 
and  the  lels  Mercury  is  added,  the  more  of  its  cor¬ 
rofive  virtue  will  the  Sublimate  retain. 

If,  on  the  contrary,  a  greater  quantity  of  Mer¬ 
cury  be  added,  there  will  be  more  than  the  Acid  can 
poffibly  diffolve,  and  the  fuperfluous  quantity  will 
remain  in  its  natural  form  of  Quick-filver,  It  is 
better  therefore  to  err  in  the  excefs  than  in  the  de¬ 
fect  of  the  proportion  of  Mercury  to  be  added  -,  be- 
caufe  the  Corrofive  Sublimate  will  take  up  no  more 
than  is  neceifary  to  dulcify  it. 

Part  of  the  Acid  of  the  Corrofive  Sublimate  is  alfb 
dilfipated  in  vapours  during  the  operation  ;  and  it  is 
neceifary  to  allow  room  for  thefe  vapours  to  circu¬ 
late,  and  a  vent  to  give  them  paifage,  or  elfe  they 
will  burft  the  velfels.  Thefe  are  our  reafons  for 
leaving  an  empty  fpace  in  the  fubliming  velfels,  and 
for  having  their  necks  no  more  than  five  or  fix  inches 
long. 

The  matter  which  fublimes  into  the  neck  of  the 
velfel  is  always  very  acrid  ;  for  which  reafon  it  muffc 
be  feparated  from  the  Sweet  Sublimate.  There  re¬ 
mains  alfo  at  the  bottom  of  the  matrafs  an  earthy, 
reddifh  matter;  which  probably  comes  from  the  Vi¬ 
triol  employed  in  making  the  Corrofive  Sublimate. 
This  matter  mu  ft  like  wife  be  rejected  as  ufelefs  after 
every  fublimation. 
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P  ROCESS  IX. 

The  Panacea  of  Mercury . 

PULVERISE  fome  Sweet  Sublimate,  and 
fublime  it  in  the  fame  manner  as  you  did 
thrice  before.  Repeat  this  nine  times.  After  thefe 
fublimations  it  will  make  no  imprefiion  on  the 
tongue.  Then  pour  on  it  aromatic  Spirit  of  Wine, 
and  fet  the  whole  in  digeftion  for  eight  days.  After 
that  decant  the  Spirit  of  Wine,  and  dry  what  re¬ 
mains,  which  is  the  Panacea  of  Mercury. 

OBSERVATIONS . 

The  great  number  of  fublimations,  which  the 
Sweet  Sublimate  is  made  to  undergo,  fweeten  it  ftill 
more,  and  to  fuch  a  degree  that  it  leaves  no  fenfa- 
tion  on  the  tongue,  nor  hath  any  purgative  virtue. 

The  Spirit  of  Wine,  in  which  it  is  digefted  after 
all  the  fublimations,  is  defigned  to  blunt  ftill  more 
the  fharpnefs  of  any  acid  particles  that  may  not  have 
been  fufficiently  dulcified  by  the  preceding  fubli¬ 
mations. 

As  Mercury  is  the  fpecific  remedy  of  venereal 
di forders,  fundry  preparations  thereof  have  been  at** 
tempted  with  a  view  to  produce  different  efffedls. 
Sweet  Sublimate  is  purgative  ;  and  for  that  reafon  is 
not  quite  proper  for  procuring  a  falivation,  becaufe 
it  carries  off  the  humours  by  ftool.  The  Panacea 
of  Mercury,  which,  on  the  contrary,  is  not  purga- 
tire,  may  raife  a  falivation  when  taken  inwardly. 
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EXPLANATION 

O  F  T  H  E 

PLAT  E.  S 

PLATE  FIRST. 

FIG.  I.  À  Copper  Alembia 

A.  The  Cucurbite  or  Body. 

B.  The  Neck. 

C.  The  Head. 

D.  The  Beak,  Nofe,  or  Spout 

E.  The  Refrigeratory,  or  Cooler. 

F.  Its  Cock. 

G.  The  Receiven 

F  I  G.  II.  A  G  b  fs  Alembic  i 

A.  The  Cucurbite. 

B.  The  Head. 

C.  The  Gutter  within  the  Head. 

D.  The  Beak. 

FIG.  Ilf.  A  long-recked  Glafs  Alettibie » 

A.  The  Body  of  the  Matrafs. 

B.  The  Neck. 

C.  The  Head. 


PLATE  SECOND. 

F  I  G.  I.  A  Glafs  Alembic  of  one  piece . 

A.  The  Cucurbite. 

B.  The  Head, 

C.  The  Aperture  in  thé  Head. 

D.  Its  Stopple. 

E.  The  Mouth  of  the  Cucurbite; 
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F  I  G.  II.  A  Pelican . 

A.  The  Cucurbite. 

B.  The  Head. 

C.  The  Aperture  in  the  Head,  with  its  Stopple. 
LX  D.  The  two  curved  Spouts. 

FIG.  HI.  A  Row  of  Aludels • 
FIG.  IV.  A  Retort. 

A.  Its  Bowh 

B.  Its  Neck. 

FIG.  V.  An  Englijh  Retort. 


PLATE  THIRD. 

F  I  G.  I.  A  Reverberating  Furnace, 

A.  The  Afh-hole  Door. 

B.  The  Fire-place  Door. 

C.  C.  C.  C.  Regifters. 

D.  The  Dome,  or  Reverberatory. 

E.  The  Conical  Funnel. 

F.  The  Retort  in  the  Furnace. 

G.  The  Receiver. 

H.  H.  Iron  Bars  to  fuftain  the  Retort. 

FIG.  II.  The  Conical  Funnel  by  itfelf. 

FIG.  III.  Back  View  of  a  Muffle, 

A.  The  bottom  of  the  Muffle. 

Its  Arch. 

C,  C.  C.  Lateral  apertures. 

FIG.  IV.  Fore- View  of  a  Muffle . 

F  î  G.  V .  A  Melting  Furnace . 

A.  A.  The  Bale  of  the  Furnace. 

B.  The  Afh-hole. 

C.  D.  The  Grate  for  the  Fire. 

£.  The  Fire  place. 
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F.  G.  H.  Curvature  of  the  inftde  of  the  upper  part  of 
the  Fire-place. 

I.  The  Shaft  or  Chimney. 


PLATE  FOURTH. 

A  Cupelling  Furnace .  , 

A.  The  Afh-hole. 

B.  B.  Its  hiding  Doors. 

C.  The  Fire-place. 

D.  D.  Its  hiding  Doors. 

E.  F.  Small  apertures  in  the  Sliders. 

G.  G.  Holes  for  Bars  to  bear  the  Muffles.  » 

H.  H.  H.  Iron  braces  in  the  forepart  of  the  Furnace, 
which  form  grooves  for  the  Doors  of  the  Fire-place 
and  Afh-hole  to  hide  in. 

I.  The  upper  pyramidal  part  of  the  Furnace. 

K.  An  aperture  therein  for  managing  the  Coals. 

L.  The  Opening  at  top. 

M.  The  Pyramidal  Cover. 

N.  The  Chimney  or  end  of  the  Shaft,  on  which  the 
conical  Funnel  may  be  fitted. 

O.  O.  O.  O.  Handles  for  moving  the  hiding  Doors. 

P.  P.  Ears  of  the  Pyramidal  Cover. 

N.  B.  The  Furnaces,  as  reprefented  in  the  two  laft 
Plates,  are  not  in  due  proportion  to  each  other.  The 
Cupelling  Furnace  is  much  larger  than  itfhould  be,  with 
refpeét  to  the  Melting  Furnace.  Thefe  dimenfions  are 
here  given  it,  only  that  all  its  parts  might  be  more  dif- 
tin&ly  exprehed  than  could  have  been  done  if  we  had 
made  it  lefs. 


ERRATA  in  Vol.  I. 

T>  18.  1.  8.  from  bottom,  for  fleams  read  fleam,  p*  52.  1,  7.  and 
A  *  8.  for  them  read  it.  p.  49.  for  chap.  VIII.  read  chap.  VI  I, 
p.  77.  for  chap.  IX.  read  chap.  VIII.  p.  97.  j.  I2.  for  it  from 
read  its  Acid  from*  p.  nj,  1.  *0  for  ,  Tartanzed  read  Alkoholized* 
P»  126.  ].  9.  for fea-weeds  read  maritime  plants*  p.  134.  J,  2i . 
after  thofe  'cçzàfubflances.  p.  138*  I.  I'y.  for  fubmarine  read  maritime * 
p.  149*  lé  5#  for  its  ores  read  its  matrices.  pé  150.  i.  ij^for  ores 
read  minerals .  p.  156.  1*  17,  read  by  arfenic,  and  1.  4,  from  bottom, 
for  metallic  read  unmetallic.  p.  163.  1.  5.  from  bottom  for  Acids 
read  Acid.  p.  170.  1.  11*  from  bottom,  for  reread  which  mufl 
fill.  p.  171,  1.  14.  from  bottom  for  Break  read  Beak,  p,  198^  1.  8. 
for  and  more  read  or  more.  p.  222.  1.  10.  dele  by  it.  p.  229.  1, 
6,  7.  del  tthe  before  moiflurcy  and  of  the  air  after  it.  p.  248.  1.  8,  9, 
from  bottom,  {ox  them  read  it.  p.  285.  1.  15.  from  bottom,  dele  of 
before  Spirit,  p.  289.  1.  2*.  read  on  mixing,  p.  372.  Î.  12.  from 
bottom,  for  un'vamifhed  read  unglazed,  p.  373. 1,  6.  for  would  read 
isy  and  dele  be,  1.  7.  dele  would  and  read  prefents .  p.  3S3.  1.  7,. 
for  afterwards  read prefently.  p,  406*  1,  9.  from  bottom.,  dele  on, 
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